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FIG. 26
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FIG. 30

PLP within transmission frame PLP within transmission stream receiver

PLPI (mobile) TS1 - 8SVC base layer _
PLP2 (data rate) TS2 — SVC enhancement layer B .
N : N mobile

PLP3 TS3 — audio stream - - receiver

PLP4 TS4 — data stream _—
TS1 - SVC basc layer
e L
TS2 - SVC enhancement layer — Fixed-type

TS3 - audio stream rece1ver

TS4 — data stream _
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FIG. 37
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FIG. 38
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FIG. 40
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FIG. 43
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FIG. 52
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FIG. 53
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FIG. 57
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1
BROADCAST SIGNAL TRANSMITTING
APPARATUS AND BROADCAST SIGNAL
TRANSMITTING METHOD IN BROADCAST
SIGNAL TRANSMITTING APPARATUS

This application is a 35 USC §371 National Stage entry of
International Application No. PCT/KR2011/008951 filed
Nov. 23, 2011, and claims priority of US provisional Appli-
cation Nos. 61/416,296 filed Nov. 23, 2010, 61/417,466 filed
Nov. 29, 2010 and 61/420,334 filed Dec. 7, 2010, which are
hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to a broadcast signal trans-
mitting apparatus for transmitting a broadcast signal, a broad-
cast receiving apparatus for receiving a broadcast signal, and
amethod of transmitting and receiving a broadcast signal and,
most particularly, to an apparatus and method for transmitting
and receiving a mobile broadcast signal.

BACKGROUND ART

As the time has neared to end (or terminate) the transmis-
sion of analog broadcast signals, diverse technologies for
transmitting and receiving digital broadcast signals are being
researched and developed. Herein, a digital broadcast signal
may include high capacity video/audio data as compared to
ananalog broadcast signal, and, in addition to the video/audio
data, the digital broadcast signal may also include diverse
additional data.

More specifically, a digital broadcasting system for digital
broadcasting may provide HD (High Definition) level
images, multiple-channel sound (or audio), and a wide range
of additional services. However, a data transmission effi-
ciency for transmitting high capacity data, a robustness of
transmitting and receiving network, and flexibility in a net-
work considering mobile receiving equipments are still
required to be enhanced.

DETAILED DESCRIPTION OF THE INVENTION
Technical Objects

Accordingly, an object of the present invention is to pro-
vide a broadcast signal transmitting apparatus and a broadcast
receiving apparatus that can transmit and receive additional
broadcast signals, a method for transmitting and receiving
additional broadcast signals, by using an RF signal of'a con-
ventional broadcasting system without having to ensure any
additional frequency.

Another object is to provide a broadcast signal transmitting
apparatus and a broadcast receiving apparatus that can trans-
mit and receive mobile broadcast signals, a method for trans-
mitting and receiving mobile broadcast signals, by using an
RF signal of a conventional broadcasting system without
having to ensure any additional frequency.

Yet another object of the present invention is to provide a
broadcasting signal transmitting apparatus, a broadcasting
signal receiving apparatus, and a method for transmitting/
receiving a broadcasting signal using the same that can dis-
tinguish data corresponding to a service for each component,
and transmit the corresponding data to each component
through separate PLPs, so that the transmitted data can be
received and processed.

Yet another object of the present invention is to provide a
broadcasting signal transmitting apparatus, a broadcasting
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signal receiving apparatus, and a method for transmitting/
receiving a broadcasting signal using the same that can signal
signaling information required for servicing a broadcasting
signal.

Yet another object of the present invention is to provide a
broadcasting signal transmitting apparatus, a broadcasting
signal receiving apparatus, and a method for transmitting/
receiving a broadcasting signal using the same that can signal
signaling information, so that a broadcasting signal can be
received in accordance with a receiver characteristic.

Yet another object of the present invention is to provide an
apparatus for transmitting a broadcast signal, an apparatus for
receiving a broadcast signal, and a method for transmitting
and receiving a broadcast signal that can reduce an overhead
of a data packet by compressing a header of the data packet,
when performing an IP-based transmission of a broadcasting
signal, and transmitting the compressed header, and by hav-
ing a receiver release the compression (or perform decom-
pression).

Technical Solutions

In order to achieve the above-described technical object of
the present invention, a broadcast signal transmitting method
according to an embodiment of the present invention includes
compressing headers of data packets being included in an IP
(Internet Protocol) stream, the IP stream being identified by
access information, wherein the compressed data packets
include a first packet including static information and
dynamic information in its header, and a second packet
including dynamic information in its header; separating static
information from the header of the first packet and converting
remaining portion to the second packet; outputting an IP
stream including the second packet through a data PLP
(physical layer pipe); outputting a common stream through a
common PLP, the common stream including the static infor-
mation separated from the header of the first packet, compres-
sion information of the header of the first packet, and IP-PL.P
mapping information for linking the IP stream with the data
PLP; generating a signal frame based upon data of the data
PLP and data of the common PLP; and transmitting a broad-
cast signal including the signal frame.

Herein, the static information is removed from the header
of'the first packet and header identification information of the
first packet is changed to header identification information of
the second packet thereby converting to the second packet.

The static information and the compression information of
the header of the first packet and the IP-PLP mapping infor-
mation are signaled to L2 signaling information in a binary
format and the .2 signaling information is included in the
common PLP.

A broadcast signal transmitting method according to an
embodiment of the present invention includes an RoHC
encoding unit compressing headers of data packets being
included in an IP (Internet Protocol) stream, the IP stream
being identified by access information, wherein the com-
pressed data packets include a first packet including static
information and dynamic information in its header, and a
second packet including dynamic information in its header; a
transmission replacing unit separating static information
from the header of the first packet, converting remaining
portion to the second packet, and outputting an IP stream
including the second packet through a data PLP (physical
layer pipe); a multiplexer outputting a common stream
through a common PLP, the common stream including the
static information separated from header of the first packet by
the transmission replacing unit, compression information of
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the header of the first packet, and IP-PLP mapping informa-
tion for linking the IP stream with the data PLP; and a trans-
mitter generating a signal frame based upon data of the data
PLP and data of the common PLP and transmitting a broad-
cast signal including the generated signal frame.

Effects of the Invention

According to the present invention, a transmitter may per-
form transmission by generating a PLP for each component
configuring a service, and a receiver may identify and decode
the PLP, which is received for each component. Thus, the
present invention may respond to the mobile broadcast com-
munication environment with more flexibility.

The transmitter of the present invention may distinguish
one component as a component of a base layer and as a
component of at least one enhancement layer, and may trans-
mit the distinguished component. And, the receiver may
decode only the component of the base layer so as to provide
an image with basic picture quality, or the receiver may
decode the component of the base layer along with the com-
ponent of at least one enhancement layer so as to provide an
image with higher picture quality. Thus, the present invention
may provide images having diverse picture qualities in accor-
dance with the receiver characteristic.

By compressing a header of the data packet, when perform-
ing an IP-based transmission of a broadcasting signal, and
transmitting the compressed header, and by having the
receiver recover the compressed header, the present invention
may reduce the overhead of an IP-based data packet. Thus,
IP-based broadcasting may be efficiently supported in a
mobile environment.

Most particularly, by transmitting at least a portion of the
header information of a compressed data packet through a
common PLP, the present invention is advantageous not only
in that overhead of data PLP can be reduced, but also in that
the receiver is capable of receiving and decoding the com-
pressed data packet regardless of the time point at which a
broadcast signal is received. According to an embodiment of
the present invention, by matching the sync of (or by synchro-
nizing) information transmitted to the common PLP and
information transmitted to data PLP using a sequence num-
ber, the initial (or original) signal may be exactly recovered.
According to another embodiment of the present invention,
among the header information of an Initialization and Refresh
(hereinafter referred to as IR) packet, by transmitting non-
variable (non-changing) static information out-of-band via
L2 signaling, separate compression rate may be additionally
gained, thereby demonstrating a more efficient IP stream
transmission effect.

By using a MIMO system, the present invention may
increase data transmission efficiency and may enhance
robustness in broadcasting signal transmission/reception.

Therefore, according to the present invention, the present
invention may provide a method and apparatus for transmit-
ting/receiving a broadcasting signal that can receive a digital
broadcasting signal without any error even in a mobile receiv-
ing equipment or an indoor environment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary super frame structure
according to the present invention,

FIG. 2 illustrates an exemplary structure of a signal frame
according to an embodiment of the present invention,

FIG. 3 illustrates a PLP-based signal frame structure
according to an embodiment of the present invention,
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(a) of FIG. 4 illustrates a P1 symbol structure according to
the present invention,

(b) of FIG. 4 illustrates a block diagram showing an exem-
plary structure of a P1 symbol generator according to the
present invention,

FIG. 5 illustrates an exemplary structure of a P1 symbol
and an exemplary structure of an AP1 symbol according to an
embodiment of the present invention,

FIG. 6 illustrates a block diagram showing a broadcasting
signal transmitting apparatus according to an embodiment of
the present invention,

FIG. 7 illustrates a flow chart showing a method of trans-
mitting a TS-based broadcast signal according to an embodi-
ment of the present invention,

FIG. 8 illustrates a flow chart showing a method of trans-
mitting a [P-based broadcast signal according to an embodi-
ment of the present invention,

FIG. 9 illustrates a block diagram showing an input pre-
processor according to an embodiment of the present inven-
tion,

FIG. 10 illustrates a block diagram showing an input pre-
processor according to another embodiment of the present
invention,

(a) to (c) of FIG. 11 illustrate another example of config-
uring a PLP in component units in an input pre-processor
according to the present invention,

FIG. 12 illustrates a block diagram showing an input pro-
cessor according to an embodiment of the present invention,

FIG. 13 illustrates a block diagram showing a mode adap-
tation module of an input processor according to an embodi-
ment of the present invention,

FIG. 14 illustrates a block diagram showing a stream adap-
tation module of an input processor according to an embodi-
ment of the present invention,

FIG. 15 illustrates a block diagram showing a BICM
encoder according to an embodiment of the present invention,

FIG. 16 illustrates a block diagram showing a BICM
encoder according to another embodiment of the present
invention,

FIG. 17 illustrates a block diagram showing a frame builder
according to another embodiment of the present invention,

FIG. 18 illustrates a block diagram showing an OFDM
generator according to another embodiment of the present
invention,

FIG. 19 illustrates a block diagram showing a broadcast
signal receiving apparatus according to an embodiment of the
present invention,

FIG. 20 illustrates a block diagram showing an OFDM
demodulator according to an embodiment of the present
invention,

FIG. 21 illustrates a block diagram showing a P1 symbol
detector according to an embodiment of the present invention,

FIG. 22 illustrates a block diagram showing an AP1 sym-
bol detector according to an embodiment of the present inven-
tion,

FIG. 23 illustrates a block diagram showing a frame
demapper according to an embodiment of the present inven-
tion,

FIG. 24 illustrates a block diagram showing a BICM
decoder according to an embodiment of the present invention,

FIG. 25 illustrates a block diagram showing a BICM
decoder according to another embodiment of the present
invention,

FIG. 26 illustrates a block diagram showing an output
processor according to an embodiment of the present inven-
tion,
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FIG. 27 illustrates a block diagram showing an output
processor according to another embodiment of the present
invention,

FIG. 28 illustrates a block diagram showing a broadcasting
signal receiving apparatus according to another embodiment
of the present invention,

FIG. 29 illustrates a block diagram showing a broadcasting
signal receiving apparatus according to another embodiment
of the present invention,

FIG. 30 illustrates a block diagram showing the process of
the broadcasting signal receiver for receiving a PLP best
fitting its purpose according to an embodiment of the present
invention,

FIG. 31 illustrates a MIMO transmission system and a
broadcast signal transmitting method using an SVC accord-
ing to an embodiment of the present invention,

FIG. 32 illustrates a MIMO transmission system and a
broadcast signal transmitting method using an SVC accord-
ing to other embodiment of the present invention,

FIG. 33 illustrates a MIMO transmission system and a
broadcast signal transmitting method using an SVC accord-
ing to another embodiment of the present invention,

(a)to (¢) of FIG. 34 illustrate a signal frame for transmitting
data of a base layer and an enhancement layer according to
embodiments of the present invention,

FIG. 35 illustrates an exemplary syntax structure of P1
signaling information according to an embodiment of the
present invention,

FIG. 36 illustrates an exemplary syntax structure of AP1
signaling information according to an embodiment of the
present invention,

FIG. 37 illustrates an exemplary syntax structure of [.1-pre
signaling information according to an embodiment of the
present invention,

FIG. 38 illustrates an exemplary syntax structure of con-
figurable L1-post signaling information according to an
embodiment of the present invention,

FIG. 39 illustrates an exemplary syntax structure of
dynamic L1-post signaling information according to an
embodiment of the present invention,

FIG. 40 illustrates an IP header configuring of a header of
a data packet according to an embodiment of the present
invention,

FIG. 41 illustrates a UDP header configuring of a header of
a data packet according to an embodiment of the present
invention,

(a) and (b) of FIG. 42 illustrate a RoHC compression
method according to an embodiment of the present invention,

FIG. 43 illustrates an example of IP-PLP mapping infor-
mation and compression information being signaled to an IP
information table according to the present invention,

FIG. 44 illustrates an example of IP-PLP mapping infor-
mation and compression information being signaled to a ser-
vice association section according to the present invention,

FIG. 45 illustrates another example of IP-PLP mapping
information and compression information being signaled to
an [P information table according to the present invention,

FIG. 46 illustrates a block diagram showing a structure of
a portion of an input-pre-processor including a header com-
pressing unit, which is used for compressing data packets,
according to an embodiment of the present invention,

FIG. 47 illustrates a block diagram showing a broadcast
signal receiving apparatus according to another embodiment
of the present invention,
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(a) to (c) of FIG. 48 illustrate an example of transmitting
header information of an IR packet and header information of
an IR-DYN packet through a common PLP according to the
present invention,

(a) to (f) of FIG. 49 illustrate an example of a header of an
SO packet or an FO packet generated based on a header of an
IR packet and a header of an IR-DYN packet having a
sequence number according to the present invention,

(a) to (c) of FIG. 50 illustrate an example of restoring an IR
packet and an IR-DYN packet based on a sequence number
from a data PLP and a common PLP in a broadcast signal
receiving apparatus according to the present invention,

FIG. 51 illustrates a block diagram showing a broadcast
signal transmitting apparatus and a broadcast signal receiving
apparatus according to another embodiment of the present
invention,

FIG. 52 illustrates a flow chart showing a method for com-
pressing and transmitting a data packet header based upon the
broadcast signal transmitting apparatus according to an
exemplary embodiment of the present invention,

FIG. 53 illustrates a flow chart showing a method of per-
forming header decompression on a data packet based upon
the broadcast signal receiving apparatus according to an
embodiment of the present invention,

FIG. 54 illustrates IP-PLP mapping information and com-
pression information being signaled to a service association
section according to yet another embodiment of the present
invention,

FIG. 55 (a) to FIG. 55 (c¢) illustrate examples of transmit-
ting header information of the IR packet and header informa-
tion of the IR-DYN packet to a common PLP,

FIG. 56 (a) to FIG. 56 (¢) show examples of a process of
having the broadcast signal receiving apparatus recovering an
IR packet and an IR-DYN packet from a data PLP and a
common PLP based upon a sequence number,

FIG. 57 illustrates IP-PLP mapping information and com-
pression information being signaled to a service association
section according to yet another embodiment of the present
invention,

FIG. 58 (a) to FIG. 58 (c¢) illustrate examples of transmit-
ting static information, among header information of an IR
packet to a common PLP,

FIG. 59 (a) and FIG. 59 (b) show examples of the IR packet
and the IR-DYN packet being inter-changed (or inter-shifted)
in a broadcast transmitting/receiving apparatus according to
the present invention,

FIG. 60 (a) to FIG. 60 (c) illustrate an example of restoring
an IR packet from a data PLP and a common PLP in the
broadcast receiving apparatus according to the present inven-
tion,

FIG. 61 illustrates a block diagram showing a structure of
a broadcast signal transmitting apparatus and a broadcast
signal receiving apparatus according to yet another embodi-
ment of the present invention,

FIG. 62 illustrates a flow chart showing a method for com-
pressing and transmitting a data packet header according to
another embodiment of the present invention,

FIG. 63 illustrates a flow chart showing a method of per-
forming decompression on a data packet according to an
embodiment of the present invention, and

FIG. 64 illustrates a syntax structure of a service associa-
tion section including static information according to an
detailed embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
PRESENT INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
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illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. And, the scope and
spirit of the present invention will not be limited only to the
exemplary embodiments presented herein.

Although the terms used in the present invention are
selected from generally known and used terms, the detailed
meanings of which are described in relevant parts of the
description herein. It should be noted that the terms used
herein may vary depending upon the intentions or general
practice of anyone skilled in the art and also depending upon
the advent of a novel technology. Some of the terms men-
tioned in the description of the present invention have been
selected by the applicant at his or her discretion, terms used
herein. Furthermore, it is required that the present invention is
understood, not simply by the actual terms used but by the
meaning of each term lying within.

The present invention relates to an apparatus and method
for transmitting and receiving an additional broadcast signal,
while sharing an RF frequency band with related art broad-
casting system, such as a conventional terrestrial broadcast
system (or also referred to as a T2 system), e.g., DVB-T2. In
the present invention, the additional broadcast signal may
correspond to an extension (or enhanced) broadcast signal
and/or a mobile broadcast signal.

In the description of the present invention, an additional
broadcast signal refers to as signal that is processed and
transmitted in accordance with a non-MIMO (Multi Input
Multi Output) method or a MIMO method. Herein, a MISO
(Multi Input Single Output) method, a SISO (Single Input
Single Output) method, and so on, may correspond to the
non-MIMO method.

Hereinafter, 2 antennae may be given as an example of the
multi antennae of the MISO method or the MIMO for sim-
plicity of the description of the present invention. And, such
description of the present invention may be applied to all
types of systems using 2 or more antennae.

FIG. 1 illustrates an exemplary super frame structure
including an additional broadcast signal (e.g., mobile broad-
cast signal) according to the present invention. A super frame
may be configured of a plurality of signal frames, and the
signal frames belonging to one super frame may be transmit-
ted by using the same transmission method. The super frame
according to the embodiment of the present invention may be
configured of multiple T2 frames (also referred to as a terres-
trial broadcast frame) and additional non-T2 frames for the
additional broadcast signal. Herein, a non-T2 frame may
include an FEF (Future Extension Frame) part being provided
by the related art T2 system. The FEF part may not be con-
tiguous and may be inserted in-between the T2 frames. The
additional broadcast signal may be included in the T2 frame
or FEF part, so as to be transmitted.

When a mobile broadcast signal is transmitted through
FET part, the FEF part will be referred to as an NGH (Next
Generation Handheld) frame.

At this point, 1 NGH frame may be transmitted for each N
number of T2 frames (i.e., NGH-T2 frame ratio=1/N or N:1),
and the T2 frame and the NGH frame may be alternately
transmitted (i.e., NGH-T2 frame ratio=1/2 or 1:1). If the
NGH-T2 frame ratio is equal to 1/N, the time consumed by
the receiver in order to receive an NGH frame after receiving
aprevious NGH frame is equivalent to the time corresponding
to N number of T2 frames.

Meanwhile, among the components configuring a broad-
cast service, the present invention may divide a video com-
ponent to multiple video components and may transmit the
divided video components. For example, a video component
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may be divided into a basic video component and an exten-
sion video component, and may then be transmitted accord-
ingly.

According to an embodiment of the present invention, in
order to enhance transmission stability, the basic video com-
ponent may be transmitted in a non-MIMO method, and the
extension video component may be transmitted in an MIMO
method in order to provide an enhanced throughput.

In the present invention, the basic video component will
hereinafter be referred to as a video component of a base
layer, and the extension video component will hereinafter be
referred to as a video component of an enhancement layer.
Additionally, for simplicity of the description, in the present
invention, the video component of the base layer will be used
in combination with video data ofthe base layer (or data of the
base layer), and the video component of the enhancement
layer will be used in combination with video data of the
enhancement layer (or data of the enhancement layer).

According to an embodiment of the present invention, the
present invention may encode video data by using an SVC
(Scalable Video Coding) method, thereby dividing the
encoded video data into video data of the base layer (or base
layer video data) and video data of the enhancement layer (or
enhancement layer video data). Herein, the SVC method is
merely exemplary. And, therefore, other arbitrary video cod-
ing methods having scalability may also be used herein.

The data of the base layer (or the base layer data) corre-
spond to data for images having basic picture quality. Herein,
although the base layer data are robust against the communi-
cation environment, the base layer data have low picture
quality. And, the data of the enhancement layer (or the
enhancement layer data) correspond to additional data for
images of higher picture quality and may, therefore, provide
images having high picture quality. However, the enhance-
ment layer data are weak against the communication environ-
ment.

In the present invention, video data for terrestrial broad-
casting may be divided into base layer data and enhancement
layer data, and video data for mobile broadcasting may be
divided into base layer data and enhancement layer data in
order to flexibly respond to the mobile broadcasting commu-
nication environment.

The receiver may decode only video layer of the base data
(or base layer video data), so as to provide an image having
basic picture quality, or the receiver may decode both the base
layer video data and the video layer of the enhancement data
(or enhancement layer video data), so as to provide an image
having a higher picture quality.

According to an embodiment of the present invention the
enhancement layer video data may be transmitted through an
FEF, and the base layer data may be transmitted through the
T2 frame and/or FEF.

In the present invention, an audio component may include
an audio component of a base layer (or base layer audio
component) for providing basic sound quality, such as 2 chan-
nel or 2.1 channel, and an audio component of an enhance-
ment layer (or enhancement layer audio component) for pro-
viding additional sound quality, such as 5.1 channel or
MPEG-Surround.

According to an embodiment of the present invention, a
signal frame may refer to any one of a T2 frame, an FEF
transmitting a mobile broadcasting signal (i.e., NGH frame),
a T2 frame transmitting base layer video data, and an FEF
transmitting enhancement layer video data. In the description
of'the present invention, the signal frame and the transmission
frame will be used to have the same meaning.
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In the present invention, a PLP (physical layer pipe) cor-
responding to an identifiable data (or stream) unit. Also, the
PLP may be considered as a physical layer TDM (Time Divi-
sion Multiplex) channel, which transmits (or delivers) one or
more services. More specifically, each service may be trans-
mitted and received through multiple RF channels. Herein,
the PLP may represent a path through which such service is
being transmitted or may represent a stream being transmitted
through such path. The PL.P may also be located in slots being
distributed to multiple RF channels at predetermined time
intervals, and the PLP may also be distributed in a single RF
channel at predetermined time intervals. Therefore, signal
frame may transmit a PLP, which is distributed to a single RF
channel based upon a time reference. In other words, one PLP
may be distributed to a single RF channel or multiple RF
channels based upon a time reference.

In the present invention, one service may be transmitted to
one PLP, and components configuring a service may be
divided (or differentiated), so that each of the differentiated
components can be transmitted to a different PLP. If service
components configuring a single service are differentiated
from one another so as to be respectively transmitted to a
different PLP, the receiver may gather (or collect) the multiple
components, so as to combine the collected components to a
single service. In the present invention, the service compo-
nent and the component will be used to have the same mean-
ing.

FIG. 2 illustrates an exemplary structure of a signal frame
over a physical layer according to an embodiment of the
present invention. The signal frame includes a P1 signaling
information region (or part or area), an .1 signaling informa-
tion region, and a PLP region. More specifically, the P1 sig-
naling information region may be allocated to a foremost
portion of the corresponding signal frame, and, then, the L1
signaling information region and the PLP region may be
sequentially allocated after the P1 signaling information
region. In the description of the present invention, only the
information being included in the [.1 signaling information
region may be referred to as L1 signaling information, or
signaling information being included in the P1 signaling
information region and signaling information being included
in the L1 signaling information region may be collectively
referred to as the L1 signaling information.

As shown in FIG. 2, P1 signaling information that is being
transmitted to the P1 signaling information region may be
used for detecting a signal frame (or NGH broadcast signal)
and may include tuning information and information for iden-
tifying preamble itself.

Based upon the P1 signaling information, the subsequent
L1 signaling information region is decoded, so as to acquire
information on the PLP structure and the signal frame con-
figuration. More specifically, the L1 signaling information
includes [.1-pre-signaling information and [.1-post-signaling
information. Herein, the L1-pre-signaling information
includes information required by the receiver to receive and
decode L[1-post-signaling information. And, the L1 -post-
signaling information includes parameters required by the
receiver for accessing the PLP. The L.1-post-signaling infor-
mation may then include Configurable [1-post-signaling
information, Dynamic [.1-post-signaling information, Exten-
sion [1-post-signaling information, and CRC information,
and the L1-post-signaling information may further include
L1 padding data. In the present invention, configurable
L1-post signaling information has the same meaning as the
L1-post configurable signaling information. Moreover,
dynamic [.1-post signaling information has the same mean-
ing as the [.1-post dynamic signaling information
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Meanwhile, in the signal frame, the PLP region is config-
ured of at least one common PLP and at least one data PLP.

A common PLP includes PSI/SI (Program and System
Information/Signaling Information).

Specifically, when a broadcast signal is a TS format, the
common PLP may include network information, such as an
NIT (Network Information Table), or PLP information, and
service information, such as an SDT (Service Description
Table), an EIT (Event Information Table) and a PMT (Pro-
gram Map Table)/a PAT (Program Association Table). Based
upon the intentions of the system designer, service informa-
tion, such as SDT and PMT/PAT, may be included in data PLP
and may then be transmitted. The PAT corresponds to special
information being transmitted by a packet havinga PID of <0’
and the PAT includes PID information of the PMT and PID
information of the NIT. The PMT includes a program identi-
fication number, PID information of a TS packet to which
individual bit streams, such as video, audio, and so on, are
being transmitted, wherein the individual bit streams config-
ure a program or (service), and PID information through
which a PCR is being delivered. The NIT includes informa-
tion of an actual transmission network (i.e., physical net-
work). The EIT includes information on an event (or program
orservice) (e.g., title, start time, and so on). The SDT includes
information describing a service, such as a service name or
service provider.

When a broadcasting signal corresponds to an IP format,
the common PLP may include an IP information table, such
asn INT (IPP/MAC notification table). In the description of the
present invention information being included in the common
PLP may be referred to as .2 signaling information. In addi-
tion, the common PLP may further include start information
such as bootstrap and meta data for service guide such as ESG
or SD&S.

More specifically, L1 signaling information includes infor-
mation required by the broadcasting signal receiver for pro-
cessing a PLP within a signal frame, and the [.2 signaling
information includes information that can be commonly
applied to multiple PLPs. Accordingly, the broadcasting sig-
nal receiver may use P1 signaling information included in a
P1 signaling information region, so as to decode an L1 sig-
naling information region, thereby acquiring information on
the structure of PLP included in the signal frame and infor-
mation a frame structure. Most particularly, the broadcasting
signal receiver may be capable of knowing through which
PLP each of the service components being included in the
corresponding service is being transmitted by referring to the
L1 signaling information and/or the 1.2 signaling informa-
tion. Additionally, the BICM encoder (or referred to as a
BICM module) of the broadcasting signal transmitter may
encode signaling information associated with a broadcast
service and may transmit [.1/1.2 signaling information, so that
the broadcasting signal receiver can perform decoding. More-
over, the MICM decoder of the broadcasting signal receiver
may decode the [.1/1.2 signaling information.

At this point, when the [.1 signaling information includes
information on the service components, the broadcasting sig-
nal receiver may recognize the information on the service
components at the same time the broadcasting signal receiver
receives the signal frame, and the broadcasting signal receiver
may then apply the corresponding information. However,
since the size of the L1 signaling information is limited, the
size (or amount) of the information on the service compo-
nents that can be transmitted from the broadcasting signal
transmitter may also be limited. Accordingly, the L1 signal-
ing information region is most adequate for recognizing the
information on the service components at the same time the
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broadcasting signal receiver receives the signal frame and for
transmitting information that can be applied to the broadcast-
ing signal receiver.

If'the 1.2 signaling information includes information on the
service components, the broadcasting signal receiver may
acquire information on the service components after the
decoding of the 1.2 signaling information is completed.
Therefore, the broadcasting signal receiver may not be
capable of recognizing the information on the service com-
ponents at the same time the broadcasting signal receiver
receives the signal frame and may not be capable of modify-
ing the corresponding information. However, since the size of
the region transmitting the 1.2 signaling information is larger
than the L1 signaling information region, the [.2 signaling
information region may transmit a larger amount (or size) of
service component data. Accordingly, the [.2 signaling infor-
mation is adequate for transmitting general information on
service components.

According to an embodiment of the present invention the
L1 signaling information may be used along with the [.2
signaling information. More specifically, the [.1 signaling
information may include information that can be modified (or
changed) at the same time the broadcasting signal receiver
receives the signal frame in a PLP level, such as a high mobile
performance and a high-speed data communication charac-
teristic, or may include information of service components
that can be modified (or changed) at any time during the
broadcasting signal transmission. Additionally, the .2 signal-
ing information may include information on the service com-
ponents and general information on channel reception, which
are included in a service.

Meanwhile, if the broadcast signal corresponds to a TS
format, a data PLP, which is included in the signal frame, may
include audio, video, and data TS streams. Furthermore, the
TS-based data PLP may include PSI/SI information such as a
PAT (Program Association Table) and a PMT (Program Map
Table). Ifthe broadcasting signal corresponds to an IP format,
the data PLP may include audio, video, and data IP streams.
At this point, IP packets, which configure each of the IP
streams, may be packetized by using an RTP (Real Time
Protocol) or FLUTE (File Delivery over Unidirectional
Transport). Additionally, IP-based data PLP may include con-
trol information, which is packetized by using an RTSP (Real
Time Streaming Protocol) method. In the present invention, a
data PLP including PAT/PMT or a data PL.P including control
information may also be referred to a base PLP (or referred to
as an anchor PLP or an SI PLP). The data PL.P may include a
Typel data PLP, which is transmitted by one sub-slice for
each signal frame, and a Type2 data PLP, which is transmitted
by multiple sub-slices. In the description of the present inven-
tion, for simplicity of the description, P number of data PL.Ps
will hereinafter be indicated as PLP1~PLPp. More specifi-
cally, audio, video, and data TS streams and PSI/SI informa-
tion (or control information), such as PAT/PMT, are transmit-
ted through PL.P1~PLPp. The data PL.Ps of FIG. 2 correspond
to examples after scheduling and interleaving.

In the present invention the common PLP may be decoded
along with a data PLP, and the data PLP may be selectively (or
optionally) decoded. More specifically, a common PL.P+data
PLP may always be decoded. However, in some cases data
PLP1+data PL.P2 may not be decoded. Information being
included in the common PLP may include the PSI/SI infor-
mation. Additionally, Auxiliary Data may be added to the
signal frame. Moreover, CRC data may be added to the signal
frame.

FIG. 3 illustrates a signal frame structure at a symbol level
according to an embodiment of the present invention.
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In light of the symbol level, the signal frame according to
the present invention is divided into a preamble region and a
dataregion. The preamble region is configured of a P1 symbol
and at least one or more P2 symbols, and the data region is
configured of a plurality of data symbols.

Herein, the P1 symbol transmits P1 signaling information.
The at least one or more P2 symbols transmit [.1-pre-signal-
ing information, L.1-post-signaling information, and signal-
ing information being included in the common PLP (i.e., [.2
signaling information). The signaling information being
included in the common PLP may be transmitted through a
data symbol. Therefore, in light of the signal frame over a
physical layer, the preamble region includes a P1 signaling
information region, an L1 signaling information region, and a
portion or an entire portion of the common PLP region. In the
description of the present invention a PLP transmitting PSI/SI
and, more particularly, PAT/PMT will hereinafter be referred
to a base PLP (or anchor PLP or SI PLP).

Data PLPs being transmitted through multiple data sym-
bols may include a Typel data PLP being transmitted, which
is transmitted by one sub-slice for each signal frame, and a
Type2 data PLP, which is transmitted by multiple sub-slices.
According to an embodiment of the present invention, when
both the Typel data PLP and the Type2 data PLP existin a
signal frame, the Typel data PLP is first allocated, and the
Type2 data PLP is allocated afterwards.

The Typel data PLP refers to having one sub-slice within a
signal frame, i.e., one PLP being continuously transmitted
within a signal frame. For example, when it is assumed that 2
typel data PLPs (PLP1, PLP2) are being transmitted, when
all of the data of PL.P1 are first allocated to the corresponding
signal frame, then all of the data of PLP2 are allocated after-
wards, and, thereafter, the data are transmitted.

The Type2 data PLP refers to a PLP having two or more
sub-slices within the signal frame. More specifically, the data
of'each PLP are divided into as many sections as the number
of sub-slices. And, then, the divided data are distributed and
transmitted to each sub-slice. For example, when it is
assumed that 2 Type2 data PLP (PLP3, PLP4) existin a single
signal frame, and when it is assumed that each Type2 data
PLP has 2 sub-slices, the data of PLP3 and the data of PLP4
are each divided into 2 equal sections, and the divided data are
sequentially allocated to the 2 sub-slices of the corresponding
PLP. At this point, according to the embodiment of the present
invention, the sub-slice for PLP3 and the sub-slice for PLP4
are alternately positioned so as to be transmitted accordingly.
In order to gain higher time diversity, the present invention
uses the Type2 data PLP.

In the description of the present invention, one data PLP
may correspond to one service, and one data PLP may also
correspond to at least one of the service components config-
uring a service, such as a video component (or also referred to
as a base layer video component), an extension video com-
ponent (or also referred to as an enhancement layer video
component), and audio component, and a data component
other than the video and audio components. That is, single
data PLP may transmit a service or transmit one or more
service components of a plurality of service components
composing the service.

Meanwhile, the present invention may transmit separate
signaling information from the transmitter, so that the
receiver can identify additional broadcast signal frame, such
as an NGH frame, and process the identified frame. The
present invention transmits separate signaling information
through a P1 symbol. And, herein, the P1 symbol will be
referred to as a new_system_P1 symbol.
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The new_system_P1 symbol may be different from the P1
symbol, and a plurality of new_system_P1 symbols may be
used herein. At this point, according to the embodiment of the
present invention, the new_system_P1 symbol is located at
the beginning of the signal frame, i.e., located at a front
portion of a first P2 symbol within a preamble region. In this
case, the preamble region may be configured of at least one or
more new_system_P1 symbols and at least one or more P2
symbols.

(a) of FIG. 4 illustrates a P1 symbol structure according to
the present invention. In (a) of FIG. 4, the P1 symbol and P2
symbol portion will be referred to as a preamble region, and
a body region will be referred to as a data region. The data
region may be configured of a plurality of data symbols (also
referred to as data OFDM symbols).

In (a) of FIG. 4, P1 symbol is generated by having each of
a front portion and an end portion of an effective (or valid)
symbol copied, by having a frequency shift performed as
much as +f,;,, and by having the frequency-shifted copies
respectively positioned at a front portion (C) and an end
portion (B) of the effective symbol (A). In the present inven-
tion, the C portion will be referred to as a prefix, and the B
portion will be referred to as a postfix. More specifically, P1
symbol is configured of a prefix portion, an effective symbol
portion, and a postfix portion. In the description of the present
invention, such P1 symbol structure will also be referred to as
a C-A-B structure. At this point, according to the present
invention, the P1 symbol corresponds to 1K OFDM symbol.
And, according to the embodiment of the present invention,
the A portion (T, ) may have the length of 112 us, the C
portion (T, ~) may have the length of 59 us, and the B portion
(T, 5) may have the length of 53 us.

(b) of FIG. 4 illustrates a block diagram showing an exem-
plary structure of a P1 symbol generator according to the
present invention. Herein, (b) of FIG. 4 includes a CDS (Car-
rier Distribution Sequence) table module (000100), an MSS
(Modulation Signaling Sequence) module (000200), a
DBPSK (Differential Binary Phase Shift Keying) mapping
module (000300), a scrambling module (000400), a padding
module (000500), an IFFT module (000600), and a C-A-B
structure module (000700). After being processed with the
operations of each block included in the P1 symbol generator
shown in (b) of FIG. 4, the P1 symbols shown in (a) of FIG. 4
is finally outputted from the C-A-B structure module
(000700).

According to the embodiment of the present invention, the
structure of the P1 symbol, shown in (a) of FIG. 4, may be
modified, or the P1 symbol generator, shown in (b) of FIG. 4
may be modified, so as to generate a new_system_P1 symbol.

If the new_system_P1 symbol is generated by modifying
the P1 symbol shown in (a) of FIG. 4, the new_system_P1
symbol may be generated by using at least one of the follow-
ing methods. For example, the new_system_P1 symbol may
be generated by modifying a frequency shift (or displace-
ment) value (f;) for a prefix and a postfix. In another
example, the new_system_P1 symbol may be generated by
modifying (or changing) the length of the P1 symbol (e.g.,
Tp,and Ty, 5 lengths). In yet another example, the new_sys-
tem_P1 symbol may be generated by replacing the length of
the P1 symbol from 1K to 512,256,128, and so on. In this
case, the parameters (e.g., {7, T, o, T, 5) that are used in the
P1 symbol structure should be adequately corrected.

If the new_system_P1 symbol is generated by modifying
the P1 symbol generator shown in (b) of FIG. 4, the new_sys-
tem_P1 symbol may be generated by using at least one of the
following methods. For example, the new_system_P1 sym-
bol may be generated by using a method of changing the
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distribution of active carriers (e.g., a method of having the
CDS table module (000100) use another CSS (Complemen-
tary Set of Sequence)), which are used for the P1 symbol,
through the CDS table module (000100), the MSS module
(000200), and the C-A-B structure module (000700). In
another example, the new_system_P1 symbol may be gener-
ated by using a method of changing a pattern for transmitting
information to the P1 symbol (e.g., a method of having the
MSS module (000200) use another CSS), and so on.

Meanwhile, the present invention may additionally allo-
cate a preamble symbol to the preamble region within a signal
frame, particularly an NGH frame. Hereinafter, the additional
preamble signal will be referred to as an AP1 symbol (Addi-
tional Preamble symbol) for simplicity in the description of
the present invention. In order to enhance the detection per-
formance for detecting a mobile broadcast (i.e., NGH) signal,
in a considerably low SNR condition or a time-selective fad-
ing condition, at least one or more AP1 symbol is added to the
signal frame.

At this point, according to the embodiment of the present
invention, the AP1 symbol is located between a P1 symbol
and a first P2 symbol within the preamble region of a signal
frame. More specifically, the P1 symbol and the AP1 symbol
are consecutively transmitted. According to the embodiment
of'the present invention, if the P2 symbol is not transmitted to
the signal frame, the AP1 symbol may be located between the
P1 symbol and the first data symbol within the preamble
region of the signal frame. According to another embodiment
of the present invention, the P1 symbol and the AP1 symbol
may be allocated to non-consecutive positions within a single
signal frame, so as to be transmitted.

For example, when a signal frame includes an AP1 symbol,
the preamble region of the signal frame is configured of a P1
symbol, at least one or more AP1 symbols, and at least one or
more P2 symbols. And, the data region may be configured of
a plurality of data symbols (or data OFDM symbols).

As described in the embodiments for generating the
new_system_P1 symbol, according to the embodiment of the
present invention, the AP1 symbol may be generated by
modifying the structure of the P1 symbol, shown in (a) of
FIG. 4, or by modifying the P1 symbol generator, shown in (b)
of FIG. 4. According to the embodiment of the present inven-
tion, the AP1 symbol may be generated by modifying both the
structure of the P1 symbol, shown in (a) of FIG. 4, and the P1
symbol generator, shown in (b) of FIG. 4.

As described in the embodiment of the present invention,
when at least 2 or more preamble symbols are used, the
present invention is advantageous in that the present inven-
tion can be more robust against a burst fading effect, which
may occur in a mobile fading environment, and that a signal
detection performance can be enhanced.

FIG. 5 illustrates an exemplary structure of a P1 symbol
and an exemplary structure of an AP1 symbol according to an
embodiment of the present invention. FIG. 5 shows an
example of generating an AP1 symbol by modifying the P1
symbol.

In FIG. 5, P1 symbol, which is shown on the left side, is
generated by having each of a front portion and an end portion
of an effective (or valid) symbol copied, by having a fre-
quency shift performed as much as +f,, and by having the
frequency-shifted copies respectively positioned at a front
portion (C) and an end portion (B) of the effective symbol (A).
In the present invention, the C portion will be referred to as a
prefix, and the B portion will be referred to as a postfix. More
specifically, P1 symbol is configured of a prefix portion, an
effective symbol portion, and a postfix portion.
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In FIG. 5, AP1 symbol, which is shown on the right side, is
generated by having each of a front portion and an end portion
of an effective (or valid) symbol copied, by having a fre-
quency shift performed as much as -f,,, and by having the
frequency-shifted copies respectively positioned at a front
portion (F)and an end portion (E) of the effective symbol (D).
In the present invention, the F portion will be referred to as a
prefix, and the E portion will be referred to as a postfix. More
specifically, AP1 symbol is configured of a prefix portion, an
effective symbol portion, and a postfix portion.

Herein, the two frequency-shift values +f,, —{,;,, which are
used in the P1 symbol and the AP1 symbol, may have the
same absolute value yet be given opposite signs. More spe-
cifically, the frequency-shift is performed in opposite direc-
tions. And, the lengths C and F, which are copied to the front
portion of the effective symbol, may be set to have different
values. And, the lengths B and E, which are copied to the end
portion of the effective symbol, may be set to have different
values. Alternatively, the lengths C and F may be set to have
different values, and the lengths B and E may be set to have
the same value, or vice versa. According to another embodi-
ment of the present invention, an effective symbol length of
the P1 symbol and an effective symbol length of the AP1
symbol may be differently determined. And, according to yet
another embodiment of the present invention, a CSS
(Complementary Set Sequence) may be used for tone selec-
tion and data scrambling within the AP1 may be scrambled by
AP1.

According to the embodiment of the present invention, the
lengths of C and F, which are copied to the front portion of the
effective (or valid) symbol, may be set to have different val-
ues, and the lengths of B and E, which are copied to the end
portion of the effective (or valid) symbol, may also be set to
have different values.

The CB,F,E lengths according to the present invention
may be obtained by using Equation 1 shown below.

Length of C(7,,)={Length of 4(T,)/2+30}
Length of B(7)={Length of 4(7;)/2-30}
Length of E(Tx)={Length of D(T)/2+15}

Length of E(T)={Length of D(T)/2-15} Equation 1

As shown in Equation 1, P1 symbol and AP1 symbol have
the same frequency shift value. However, each of the P1
symbol and the AP1 symbol are given opposite signs. Addi-
tionally, in order to determine the lengths of C and B, the
present invention determines an offset value being added to or
subtracted from a value corresponding to the length of A
(T,)/2. And, in order to determine the lengths of F and E, the
present invention determines an offset value being added to or
subtracted from a value corresponding to the length of D
(T,)/2. Herein, each of the offset values is set up differently.
According to the embodiment of the present invention, the
offset value of P1 symbol is set to 30, and the offset value of
AP1 symbol is set to 15. However, the values given in the
above-described examples are merely exemplary. And, there-
fore, it will be apparent that the corresponding values may
easily be varied or changed by anyone skilled in the art. Thus,
the present invention will not be limited only to the values
presented herein.

According to the present invention, by generating AP1
symbol and an AP1 symbol to configure the structure shown
in FIG. 5, and by inserting the generated symbols to each
signal frame, the P1 symbol does not degrade the detection
performance of the AP1 symbol, and, conversely, the AP1
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symbol does not degrade the detection performance of the P1
symbol. Additionally, the detection performance of the P1
symbol is almost identical to the detection performance of the
AP1 symbol. Furthermore, by configuring the symbols so that
the P1 symbol and the AP1 symbol have similar symbol
structures, the complexity level of the receiver may be
reduced.

At this point, the P1 symbol and the AP1 symbol may be
transmitted consecutively, or each of the symbols may be
allocated to different positions within the signal frame and
may then be transmitted. And, in case the P1 symbol and AP1
symbol are each allocated to a different position within the
signal frame, so as to be transmitted, a high time diversity
effect may be gained with respect to the preamble symbol.
According to the embodiment of the present invention, the P1
symbol and the AP1 symbol are consecutively transmitted.

FIG. 6 illustrates a block diagram showing a broadcasting
signal transmitting apparatus (or also referred to as a broad-
casting signal transmitter or a transmitter) according to an
embodiment of the present invention.

As shown in FIG. 6, the broadcasting signal transmitting
apparatus may include an input pre-processor (100000), an
input processor (100100), a BICM encoder (100200), a frame
builder (100300), and an OFDM generator (100400). Herein,
the BICM encoder (100200) is also referred to as a BICM
module.

The input stream may include at least one of a TS stream,
an internet protocol (IP) stream, and a GSE (General Stream
Encapsulation) stream (or also referred to as a GS stream).

The input pre-processor (100000) may receive at least one
the TS stream, the IP stream, and the GS stream, so as to
generate at least one or more PLPs in service units (or service
component units) in order to provide robustness.

The input processor (100100) generates a BB frame
including at least one or more of the PL.Ps generated from the
input pre-processor (100000). In case the input processor
(100100) receives a PLP corresponding to a service, the input
processor (100100) may categorize the received PLP as PLPs
corresponding to the service components and may, then, gen-
erate the BB frame.

The BICM encoder (100200) adds redundancy to the out-
put of the input processor (100100), so that any error occur-
ring over the transmission channel can be corrected, and then
the BICM encoder (100200) performs interleaving.

The frame builder (100300) maps the plurality of PLPs to
the transmission frame is cell units, so as to complete the
transmission frame (or signal frame) structure.

The OFDM generator (100400) performs OFDM modula-
tion on the input data, so as to generate a baseband signal that
can be transmitted to the antenna.

FIG. 7 illustrates a flow chart of a method for receivinga TS
in a TS packet unit, sorting (or categorizing) the received TS
with respect to each component, and transmitting the sorted
(or categorized) TS in component PLP units.

In order to do so, PSI/SI data such as PAT/PMT may be
generated, and a PID is added to each table (S100501). At this
point, the PID of a PAT is given a fixed value, and the PID of
a PMT is signaled to the PAT. The PID of each component,
i.e., video, audio, data ES, and so on, is signaled to the PMT.
The process step S100501 may be performed in the input
pre-processor (100000) or may be performed in another block
(not shown) and then delivered to the input pre-processor
(100000).

The input pre-processor (100000) uses the PID of each
component, which is acquired from the PSI/SI, so as to filter
the TS packet and to sort (or categorize) the TS packets in
accordance with the media type (i.e., on a component basis)
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(8100502). In the TS being sorted by a component basis, a
position, which was previously occupied by another compo-
nent, is filled by a null packet. For example, in the video TS,
a null packet is inserted in a packet position other than the
position of an actual video TS packet. The TSs of each com-
ponent (i.e., the PLP of each component) having the null
packet inserted therein are inputted to the input processor
(100100).

The input processor (100100) deletes the null packet other
than the valid packets within each TS being outputted from
the input pre-processor (100000), and inserts information on
the number of deleted null packets (DNPs) with respect to the
deleted positions (S100503). Additionally, a synchronization
(sync) byte is inserted in front of each DNP byte, so as to
allow the receiving end to perform synchronization. Subse-
quently, the input processor (100100) slices each TS into a
predetermined number of bit units, so as to map the sliced bit
units to a BB frame payload, and, then, the input processor
(100100) inserts a BB header to the BB frame payload, so as
to generate a BB frame (S100504).

Moreover, the input processor (100100) performs sched-
uling in order to map multiple PLPs to the transmission
frame, and then the input processor (100100) performs
scrambling on the data (i.e., bit stream) within the BB frame
(S100505).

The BICM encoder (100200) adds redundancy to the out-
put of the input processor (100100), so that any error occur-
ring within the transmission channel can be corrected, and
then, the BICM encoder (100200) performs interleaving
(S100506).

The frame builder (100300) maps the multiple PLPs being
outputted from the BICM encoder (100200) to the transmis-
sion frame in cell units in accordance with the scheduling
information, thereby completing the transmission frame
(NGH frame) structure (S100507). The OFDM generator
(100400) performs OFDM modulation on the data within the
transmission frame, thereby transmitting the OFDM-modu-
lated data to the antenna (S100508).

FIG. 8 illustrates a flow chart of'a method for receiving an
IP stream in an IP packet unit, sorting (or categorizing) the
received IP stream with respect to each component, and trans-
mitting the sorted (or categorized) IP stream in component
PLP units.

In order to do so, IP packets including IP service informa-
tion are created (or generated) (S100601). The IP service
information may include an NIT, which signals network
information, and may include an INT, which includes a listed
IP address. The IP service information may correspond to a
binary type, and FLUTE encoding or RTP encoding may be
omitted. The IP service information is transmitted to a com-
mon PLP.

After creating (or generating) bootstrap information for
initiation, meta data for service guide, and data for data ser-
vices (S100602), the created information and data are
encoded by using a FLUTE session, thereby being outputted
in an IP packet format (S100603). Thereafter, the audio/video
(A/V) components are sorted (or differentiated) based upon
the RTP mediatype (S100604), then each of the differentiated
(or sorted) components is encoded by using a FLUTE session
or an RTP session, thereby being outputted in an IP packet
format (S100605).

The process steps S100601~S100605 may be performed
by the input pre-processor (100000), or may be performed in
another block (not shown) and then delivered to the input
pre-processor (100000).

The input processor (100100) may create PLPs by directly
using IP packets that are FLUTE encoded or RTP encoded, or
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by directly using IP packets bypassing the FLUTE encoding
or RTP encoding processes (S100606). More specifically, by
omitting the GSE encapsulating process, the overhead may be
reduced.

Subsequently, the input processor (100100) slices each IP
stream into a predetermined number of bit units, so as to map
the sliced bit units to a BB frame payload, and, then, the input
processor (100100) inserts a BB header to the BB frame
payload, so as to generate a BB frame (5S100607).

Moreover, the input processor (100100) performs sched-
uling in order to map multiple PLPs to the transmission
frame, and then the input processor (100100) performs
scrambling on the data (i.e., bit stream) within the BB frame
(S100505).

The BICM encoder (100200) adds redundancy to the out-
put of the input processor (100100), so that any error occur-
ring within the transmission channel can be corrected, and
then, the BICM encoder (100200) performs interleaving
(S100609).

The frame builder (100300) maps the multiple PLPs being
outputted from the BICM encoder (100200) to the transmis-
sion frame in cell units in accordance with the scheduling
information, thereby completing the transmission frame
(NGH frame) structure (S100610). The OFDM generator
(100400) performs OFDM modulation on the data within the
transmission frame, thereby transmitting the OFDM-modu-
lated data to the antenna (S100611).

Hereinafter, each block included in the broadcast signal
transmitting apparatus of FIG. 6 will hereinafter be described
in detail.

As described above, according to an embodiment of the
present invention, the input pre-processor (100000) may cat-
egorize the data corresponding to the service to each compo-
nent, and, then, the input pre-processor (100000) may per-
form data processing, so that the data corresponding to each
component can be transmitted to a separate PLP.

The broadcasting signal transmitting apparatus according
to the present invention may be transmitted to one or more
services in PLP units. However, the components being
included in one service may be separated and transmitted in
PLP units. In this case, the broadcasting signal receiving
apparatus may identify and process the PLPs including each
component, so as to be capable of providing a single service.
In order to do so, the input pre-processor (100000) according
to the present invention processes data in component units.

In the following description of the present invention, an
example of generating a PLP by receiving a stream having a
TS format and an example of generating a PLP by receiving
a stream having an [P format will be separately described.

FIG. 9 illustrates a block diagram of the present invention
showing a structure of the input pre-processor receiving a
stream having a TS format according to an embodiment of the
present invention.

The input pre-processor of FIG. 9 includes a PID filter
(101010), a PSI/SI controller (101020), a PSI/SI decoder
(101030), a PSI/SI modifying/generating module (101040), a
PSI/SI merger (101050), a PAT/PMT merger (101070), com-
ponent mergers (101090, 101110), and null packet inserting
modules (101060, 101080, 101100, 101120).

The input pre-processor differentiates the TS packets
included in the TS for each component, and outputs each of
the differentiated TS packets to a different PLP. Herein, each
TS packet is configured of a header and a payload, and the
header includes a Packet Identifier (PID) indicating the data
to which the header data correspond. The payload may
include any one of a video Elementary Stream (ES), an audio
ES, a data ES, and a PSI/SI ES, which are to be transmitted.
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Additionally, information included in the common PLP may
also be referred to as 1.2 signaling information or L2 infor-
mation/data, and L1 signaling information may also be
referred to as L1 information.

According to an embodiment of the present invention,
when the video component is divided into a base layer video
component and an enhancement layer video component, the
PID of a TS packet including the base layer video component
and the PID of a TS packet including the enhancement layer
video component are different from one another.

More specifically, the PID filter (101010) filters the TS
packets included in the TS by using the PID and then outputs
the filtered TS packets through a corresponding PLP path.
Since each TS packet is assigned with a PID, which can
identify each TS packet, the PID filter (101010) may identify
the TS packets corresponding to each component by using the
PID and may then output the identified TS packets through a
separate PLP path. However, since the PID information
should be known in order to perform filtering as described
above, the PID filter (101010) first filters the PSI/SI, which is
included in the TS packet. The PSI/SI decoder (101030)
decodes the PSI/SI information, which is filtered by the PID
filter (101010), so as to acquire PID information. For
example, a PAT having the PID fixed to ‘0” includes PID
information of the PMT and PID information of the NIT, and
the PMT includes PID information, such as video, audio, data
ES, and so on, corresponding to each component.

Additionally, the PSI/SI controller (101020) may use the
acquired PID information so as to control the PID filter
(101010), thereby filtering the data corresponding to the
wanted (or desired) component for each PID and outputting
the filtered data. Since the PSI/SI included in the TS are
transmitted by using a predetermined PID, the filtering and
data processing procedures may be performed without setting
up a separate PID filter (101010).

As described above, the PID filter (101010) filters the TS
packet for each component and outputs each of the filtered TS
packets through its respective PLP path. For example, a TS
corresponding to the video component, a T'S corresponding to
the audio component, and a TS corresponding to the data
component are each outputted to the respective component
merger (101090, 101110). And, the component mergers
(101090, 101110) merge the inputted TS packets so as to
configure each component PLP. For example, the component
merger (101090) may receive only the TS packets corre-
sponding to a base layer video component, or may receive
both the TS packets corresponding to a base layer video
component and the TS packets corresponding to an enhance-
ment layer video component. Then, the component merger
(101090) may merge the received TS packets, so as to con-
figure a single component PLP. Furthermore, TS packets
including the PAT/PMT being filtered by and outputted from
the PID filter (101010) are outputted to the PAT/PMT merger
(101070), so as to be merged.

Thus, when configuring the PLP for each component as
described above, even if the receiver scans a channel, the
receiver may not be capable of searching all of the data
corresponding to a single service. More specifically, unlike
the method of configuring a PLP for each service and identi-
fying the configured PLP by using the PSI/SI, since the PLP
is configured for each component configuring a service in the
present invention, a component PLP that does not include
PSI/SI may exist. Accordingly, in the present invention, in
order to locate component PLPs configuring a service, PSI/
SI, such as a PAT/PMT is added to an arbitrary PLP among the
component PLPs configuring the corresponding service, and
a component PLP having service configuration information,

10

15

20

25

30

35

40

45

50

55

60

65

20
such as the above-mentioned PAT/PMT will hereinafter be
referred to as a base PLP (or anchor PLP or SIPLP). When the
receiver scans and decodes the base PLP, since information on
the remaining component PL.Ps for providing a service may
be known, the above-described problem may be resolved.

The PSI/SI moditying/generating module (101040) modi-
fies or generates PSI/SI that is to be modified or added, such
as NIT, SDT, and so on, and then outputs the modified or
generated PSI/SI. For example, in the above-described com-
ponent PLP structure, since the base PLP includes informa-
tion on the service configuration, such information on the
service configuration or information on the base PLP is
required to be signaled. The input pre-processor may signal
the information on the base PLP to at least any one of L1
signaling information and L2 signaling information (com-
mon PLP). When signaling the information on the base PLP
to the .2 signaling information, the PSI/SI modifying/gener-
ating module (101040) may signal the information on the
base PLP to an NIT/SDT_other or a PAT/PMT. The informa-
tion on the base PLP may include information for searching
the base PLP, information required for extracting the base
PLP and decoding the extracted base PLP, information on a
PAT/PMT respective to the service configuration included in
the base PLP. Additionally, according to the embodiment of
the present invention, information on components for a ser-
vice having high picture quality/high sound quality, such as
SVC, MPEG surround, and so on, is signaled to the L1 sig-
naling information.

The SDT may be indicated as SDT_actual and SDT_other,
and the EIT may be indicated as EIT_actual and EIT_other.
Herein, the SDT_actual/EIT_actual may each indicate that
the service/event indicated by the respective information cor-
responds to service/event included in the current frame or TS,
and the SDT_other/EIT_other may each indicate that the
service/event corresponds to service/event included in
another frame or TS. In case the PSI/SI extracted from the TS
includes a common PLP, the PSI/SI modifying/generating
module (101040) may also modify the SDT_actual to an
SDT_other or may modify the EIT_actual to an EIT_other.

The PSI/SI merger (101050) merges the signaling infor-
mation being outputted from the PSI/SI modifying/generat-
ing module (101040) and the signaling information being
outputted from the PID filter (101010).

The null packet inserting modules (101060, 101080,
101100, 101120) respectively insert a null packet to a place
(or positions) where another component has been located, so
that each component can maintain synchronization within the
TS. Accordingly, a common PLP is outputted from null
packet inserting module (101060), and a base PLP is output-
ted from null packet inserting module (101080). Additionally,
the corresponding component PLPs are outputted from null
packet inserting modules (101100, 101120). Herein, the
respective component may correspond to a video component,
an audio component, a data component, and so on.

As shown in FIG. 9, the input pre-processor, among the
inputted TS data, may output data including the PSI/SI such
as NIT/SDT/EIT through a common PLP path, may output
data corresponding to a component PLP, which includes ser-
vice configuration information such as PAT/PMT, through a
base PLP path, and may output data corresponding each of the
other components through a corresponding component PLP
path, and the data corresponding to each of the above-men-
tioned PLP path may also be referred to as PLP data or PLP.

The input pre-processor may signal the information on the
components, which are configured as described above, to the
L1 signaling information, so that components can be
extracted in PLP units in accordance with the receiver type. In
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other words, when a service type is selected in accordance
with the receiver type, the receiver shall process the compo-
nents corresponding to the selected service. In the present
invention, since the PLP is configured for each component,
information on such PLP structure should be included in the
L1 signaling information, so that the receiver can extract and
process the components corresponding to the service. There-
fore, the input pre-processor may perform control operations
enabling information on the component PLP structure to be
signaled to the [.1 signaling information.

Hereinafter, the input pre-processor processing data hav-
ing an IP stream format will hereinafter be described in detail.

In case of an IP stream, unlike the description presented
above, the data corresponding to the component may be
divided in IP packet units. And, the PSI/SI included in the TS
may correspond to service information, and the IP service
information may include ESG (Electronic Service Guide;
ESG) information, provider information, bootstrap informa-
tion, and so on. The ESG information may include IP address
information, port number information, and so on of the ser-
vice component and it may be referred to as meta data.
According to the embodiment of the present invention, the IP
stream may be inputted/outputted in GSE (Generic Stream
Encapsulation) stream units.

FIG. 10 illustrates a block diagram showing the structure of
an input pre-processor receiving a stream having an IP format
according to an embodiment of the present invention.

The input pre-processor (100000) of FIG. 10 includes a
UDP/IP filter (106010), an IP service controller (106020), an
1P service information decoder (106030), an IP service infor-
mation modifying/generating module (106040), an IP stream
merger (106050), GSE encapsulating modules (106060,
106080, 106100, 106120), component mergers (106070,
106090, 106110), and a GSE decapsulating module
(106130).

The input pre-processor (100000) of FIG. 10 receives a
GSE stream or IP stream and differentiates the data included
in the received stream for each component, thereby output-
ting the differentiated data to a different PLP. At this point, a
PLP including IP service information may be referred to as a
common PLP, and the common PLP may also be referred to as
L2 signaling information or [.2 information/data. The L1
signaling information may also be referred to as [.1 informa-
tion.

In the present invention, the GSE stream is inputted to the
GSE decapsulation module (106130), and the IP stream is
inputted to the UDP/IP filter (106010). The GSE decapsula-
tion module (106130) performs GSE decapsulation on the
GSE stream, so as to extract an [P stream, thereby outputting
the extracted IP stream to the UDP/IP filter (106010).

The UDP/IP filter (106010) may use a UDP port number
and an IP address, and so on, so as to perform filtering on the
IP packets, which are included in the IP stream, for each
component, thereby outputting the filtered IP packets. Since a
UDP port number and an IP address are assigned (or allo-
cated) to each of the IP packets for each component, which are
included in the IP stream, the UDP/IP filter (106010) may use
the UDP port number and IP address so as to identify the IP
packet corresponding to each component, thereby outputting
each of the identified IP packets to a separate PLP path.
Hereinafter, such UDP port number and IP address may also
be collectively referred to as an address or address informa-
tion.

However, since a UDP port number and an IP address
should be known in order to perform such filtering process,
the UDP/IP filter (106010) first filters the IP service informa-
tion included in the IP stream. Then, the IP service informa-
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tion decoder (106030) decodes the IP service information,
which is filtered by the UDP/IP filter (106010), so as to
acquire address information. At this point, the address infor-
mation may be acquired from the ESG information among the
IP service information. Additionally, the IP service controller
(106020) may use the address information, which is acquired
from the IP service information decoder (106030), so as to
control the UDP/IP filter (106010) and to filter the IP packet
corresponding to a desired component for each address,
thereby outputting the filtered IP packet. Since the IP service
information, which is included in the IP stream, is transmitted
to a predetermined address, an immediate filtering process
may be performed without any separate settings of the UDP/
1P filter (106010).

The UDP/IP filter (106010) first filters the IP packets
included in the IP stream for each component and then out-
puts the filters IP packets to a respective component merger
through each PLP path. For example, IP packets correspond-
ing to the video component are outputted to the component
merger (106070), IP packets corresponding to the audio com-
ponent are outputted to the component merger (106090), and
IP packets corresponding to the data component are outputted
to the component merger (106110). The component mergers
(106070, 106090, 106110) merge the IP packets of the cor-
responding component. If the stream being inputted to the
input pre-processor corresponds to a stream having a GSE
format, the output of the component mergers (106070,
106090, 106110) is outputted as a GSE stream, after being
GSE encapsulated by each GSE encapsulating module. And,
if the corresponding stream has an IP format, the GSE encap-
sulating process may be omitted.

When configuring the PLP for each component as
described above, the receiver may not be capable of searching
all of the data corresponding to a single service, even when
the channel is scanned. More specifically, unlike the method
of configuring a PLP for each service and identifying the
configured PLP as IP service information, since the PLP is
configured for each component configuring a service, a com-
ponent PLP that does not include any IP service information
may exist in the present invention. Therefore, in the present
invention, service configuration information is added to the IP
service information so that the component PLPs correspond-
ing to a service can be located and found.

The IP service information modifying/generating module
(106040) may modity or generate IP service information that
should be modified or added, such as ESG information, ser-
vice provider information, bootstrap information, and so on
and may, then, output the modified or generated IP service
information. For example, service configuration information
configuring a PLP for each component may be signaled to the
ESG information.

The IP stream merger (106050) merges IP service infor-
mation modified/generated by the IP service information
modifying/generating module (106040) and IP service infor-
mation, such as supplemental information, which does not
require any modification, thereby outputting the merged IP
service information to a common PLP path.

According to the embodiment of the present invention,
since an IP address and a UDP port number are each assigned
(or allocated) in IP packet units to the IP stream, the null
packet inserting modules shown in FIG. 9 may be omitted. At
this point, unlike in the TS-based broadcasting, in the IP-
based broadcasting, a PLP is directly configured without
performing null packet inserting or deleting processes. This is
because a null packet is not required in the IP stream.

As shown in FIG. 10, the input pre-processor may receive
an [P stream (or GSE stream) and may output data including
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IP service information to a common PLP path and may output
data corresponding to each component to a component PLP
path. Accordingly, as described above, the data correspond-
ing to each PLP path may also be referred to as PLP data or
PLP.

The input pre-processor may signal information on the
components, which are configured as described above, to the
L1 signaling information, so that components can be
extracted in PLP units in accordance with the receiver type.
More specifically, when a service type is selected in accor-
dance with the receiver, the receiver shall process the com-
ponents corresponding to the selected service. In the present
invention, since a PLP is configured for each component, the
information on such PLP configuration is signaled to the [.1
signaling information, thereby allowing the receiver to
extract the components corresponding to the selected service
and to process the extracted components. Accordingly, the
input pre-processor may generate information on the PLP
configuration, so as to perform control operations enabling
the generated information to be included in the L1 signaling
information.

FIG. 11 illustrates an example of configuring a PLP in
component units in an input pre-processor according to
another embodiment of the present invention.

In FIG. 11, an IP stream (107010) being configured of IP
packets indicates an IP stream being inputted to the UDP/IP
filter (106010) of the input pre-processor shown in FIG. 10.
And, each IP packet includes one of audio component data,
video component data, data component data, and IP service
information component data.

The input pre-processor of FIG. 11 performs the above-
described pre-processing procedure on the IP packets
included in the IP stream (107010), so as to differentiate the
pre-processed IP packets for each component, thereby out-
putting each of the differentiated IP packets through a differ-
ent PLP path.

For example, in (b) of FIG. 11, IP packets including NIT,
INT, bootstrap, ESG information are outputted through a
common PLP path, thereby configuring a common IP
(107020, IP_Common), and IP packets including data of the
video component are outputted through a video component
PLP path, thereby configuring a video component IP
(107030, IP_Video). Additionally, the IP packets including
data of the audio component are outputted through an audio
component PLP path, thereby configuring an audio compo-
nent [P (107040, IP_Audio), and the IP packets including data
of the data component are outputted through a data compo-
nent PLP path, thereby configuring a data component IP
(107050, IP_Data). In another example, IP packets including
data of 2 or more components may be outputted through a
single PLP path, so as to configure a single IP. In yet another
example, IP packets including data of a specific component
respective to multiple services may be outputted through a
single PLP path, so as to configure a single IP. At this point,
unlike in the TS-based broadcasting, in the IP-based broad-
casting, a PLP is directly configured without performing null
packet inserting or deleting processes. This is because a null
packet is not required in the IP stream.

For simplicity in the description of the present invention, a
common IP stream (107020) as shown in (¢) of FIG. 11 may
be referred to as a common PLP (or PLP data), and a video
component IP stream (107030) may be referred to as a video
component PLP (or PLP data). Additionally, an audio com-
ponent IP stream (107040) may be referred to as an audio
component PLP (or PLP data), and a data component IP
stream (107050) may be referred to as a data component PLP
(or PLP data).
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Based upon the characteristics of the IP streams, the IP
streams of each PLP path of FIG. 11 are not required to
maintain the same synchronization or order.

The output of the input pre-processor (100000) is outputted
to the input processor (100100).

Inthe description of the present invention, TS or IP or GSE
streams may be converted to n+1 number of streams that can
be independently processed through the input pre-processor
(100000) or the input processor (100100). At this point, the
stream that is to be independently processed may correspond
to a complete (or whole) TS stream including a plurality of
service components, and may also correspond to a TS stream
of a minimum unit including only one service component
(e.g., video or audio, and so on). Similarly, the stream that is
to be independently processed may correspond to a complete
(or whole) GSE stream including a plurality of service com-
ponents or a GSE stream including only one service compo-
nent. Furthermore, the stream that is to be independently
processed may also correspond to a complete (or whole) IP
stream including a plurality of service components or an IP
stream including only one service component.

FIG. 12 illustrates a block diagram showing an exemplary
structure of an input processor (100100) according to an
embodiment of the present invention.

Herein, FIG. 12 shows an exemplary embodiment of an
input processor (100100), wherein the number of input
streams is equal to 1. When the number of input streams is
equal to 1, the input processor (100100) may include an input
interface module (110100), a CRC-8 encoder (110200), a BB
header inserter (110400), a padding inserter (110400), and a
BB scrambler (110500). In the description of FIG. 12, the
input interface module (110100), the CRC-8 encoder
(110200), and the BB header inserter (110400) will be col-
lectively referred to as a mode adaptation module, and the
padding inserter (110400) and the BB scrambler (110500)
will be collectively referred to as a stream adaptation module.

The input interface module (110100) maps an input stream
in internal logical-bit format for performing FEC (BCH/
LDPC) encoding in a BICM encoder (100200). More specifi-
cally, the interface module (110100) slices the input stream to
bit units corresponding to a number of bits required for gen-
erating a BB (Base Band or Broadband) frame, so as to map
into a BB frame payload. The CRC-8 encoder (110200) per-
forms CRC encoding on the BB frame payload outputted
from the interface module (110100), and the BB header
inserter (110300) inserts a header having a fixed size to a
fore-end portion of the BB frame payload, which is processed
with CRC encoding, to generate a BB frame.

In case a data size of the inputted bit stream is smaller than
a BB frame designated to FEC, the padding inserter (110400)
may insert a padding bit to the BB frame, in order to configure
the BB frame. The BB scrambler (110500) may perform a
bitwise XOR (Exclusive OR) operation on a bit stream of the
BB frame by using a PRBS (Pseudo Random Binary
Sequence), so as to perform randomization. The operations of
the BB scrambler (110500) may reduce PAPR (Peak-to-Av-
erage Power Ratio) of an OFDM modulation signal transmit-
ted finally.

FIG. 13 illustrates a block diagram showing an exemplary
structure of a mode adaptation module of an input processor
(100100) respective to a multi PLP input according to another
embodiment of the present invention. More specifically, FIG.
13 shows an embodiment of a mode adaptation module of the
input processor (100100) processing a plurality of PLPs when
a type of input stream is a TS format.

The mode adaptation module may include n+1 number of
input interface modules (111200-0~n), n+1 number of input
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stream sync modules (111210-0~n), n+1 number of delay
compensators (111220-0~n), n+1 number of null packet del-
eters (111230-0~n), n+1 number of CRC (Cyclic Redun-
dancy Check) encoders (111240-0~n), and n+1 number of
BB header inserters (111250-0~n) operating in parallel to
perform mode adaptation on each PLP of the plurality of
PLPs.

According to the broadcast signal transmitting apparatus of
the present invention, by including signaling information that
can be commonly applied to multiple PLPs, such as a trans-
port layer signal of an MPEG-TS, in a single PLP, and by
transmitting the processed PLP, the transmission efficiency
may be increased. As shown in FIG. 13, the PLPO performs
such function, and, in the description of the present invention,
such PLP is referred to as a common PLP. The remaining P
number of PLPs excluding the PLP-0, shown in FIG. 13, may
beused for performing data transmission. And, in the descrip-
tion of the present invention, such PLP is referred to as a data
PLP. Herein, the example given in FIG. 13 is merely exem-
plary, and, therefore, a plurality of common PLPs, such as
PLPO of FIG. 13, may be used in the present invention.

The input interface modules (111200-0~n) may slice the
input stream of the corresponding PLP to a number of bits
required for generating the BB frame (Base Band frame), so
as to map into a BB frame payload.

The input stream sync modules (111210-0~n) generate
sync timing information required to recovery TS or GS
streams in a receiver and insert the sync timing information
into a BB frame payload. Furthermore, when the receiver
performs service recovery, the input stream sync modules
(11210-0~n) may generate sync timing information based
upon all delays that may occur in the respective channels and
transmission processed, so that the corresponding service can
be recovered to the initial timing. Herein, the sync timing
information may correspond to an ISCR (Input Stream Clock
Reference) information. Moreover, the input stream sync
modules (111210-0~n) synchronize in the receiver by adding
a sync byte.

When multiple PLPs exist, the delay compensators
(111220-0~n) may compensate the delay difference between
each PLP, so that the frame can be efficiently configured.
More specifically, based upon the sync timing information
inserted by the input stream sync modules (111210-0~n), the
delay compensators (111220-0~n) may delay data on PLPs of
group units so as to synchronize the PLPs.

In case of a VBR (variable bit rate) service, the null packet
deleters (111230-0~n) may delete the inserted null packets,
s0 as to increase the transmission efficiency. At this point, a
number of deleted null packets (DNPs) may be inserted in the
deleted positions, so as to be transmitted.

The CRC encoders (111240-0~n) performs CRC encoding
on the corresponding frame, in order to enhance the transmis-
sion reliability of the BB frame payload, thereby adding CRC
data.

The BB header inserters (111250-0~n) inserts a header
having a fixed size on a fore-end portion of the corresponding
BB frame payload, so that the format of the data field can be
identified. Herein, the header may include diverse informa-
tion, such as Mode Adaptation Type information indicating
whether the stream type the of corresponding stream corre-
sponds to a TS, an IP, or a GS, User Packet Length informa-
tion, Data Field Length information, User Packet Sync Byte
information, start address information of a User Packet Sync
Byte included in the data field, a high efficiency mode indi-
cator, an input stream sync field, and so on.

FIG. 13 shows an exemplary case when the input stream
type corresponds to a TS, and if the input stream type corre-
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sponds to an IP stream or a GSE stream, the delay compen-
sators (111220-0~n) and the null packet removers (111230-
0~n) may be omitted. For example, since the IP packet is
buffered and reproduced in the receiver in accordance with a
time stamp, the data are not required to be delayed, and the
null packet is not required to be added/deleted. Furthermore,
in accordance with the characteristics of the IP streams, the IP
streams of each PLP path are not required to maintain syn-
chronization or the same order. Therefore, input stream sync
modules (111210-0~n) may be omitted. And, since each of
the IP streams has its own CRC, CRC bytes are not required
to be added to the IP streams. Thus, CRC encoders (111240-
0~n) may also be omitted. Accordingly, in the operations of
the input processor of FIG. 13, the input stream sync modules
(111210-0~n), the delay compensators (111220-0~n), the
null packet removers (111230-0~n), and CRC encoders
(111240-0~n) may be omitted, or, in case of the IP stream or
GSE stream, the blocks may be bypassed.

FIG. 14 illustrates an exemplary structure of a stream adap-
tation module of an input processor (100100) respective to a
multi PLP input according to another embodiment of the
present invention.

The stream adaptation module may include a scheduler
(120300), n+1 number of frame delayers (130100-0~n), n+1
number of in-band signaling/padding inserters (130200-
0~n), and n+1 number of BB scramblers (130300-0~n). Fur-
thermore, the stream adaptation module may include .1 sig-
naling generator (130400), two BB scramblers (130500-0,
130500-1) for processing 1 signaling information.

The scheduler (120300) may perform scheduling in order
to allocate multiple PLPs to each slot of a transmission frame.

In case the system uses a MIMO method, the scheduler
(120300) may include a scheduler for dual polarity MIMO.
More specifically, the scheduler (120300) may generate
parameters that can be used by a DEMUX, a cell interleaver,
a time interleaver of the BICM encoder (100200). Herein,
examples of such parameters may include parameters related
to a polarity path, such as an H-path and a V-path. Further-
more, the scheduler (120300) enables a cell mapper to map
input cells according to scheduling by outputting I.1-dynamic
signaling information on a current frame, apart from in-band
signaling.

The frame delayers (130100-0~n) may delay input data by
one transmission frame, so that scheduling information
respective to a next frame can be transmitted through a current
frame, in order to perform in-band signaling.

The in-band signaling/padding inserters (130200-0~n)
insert the non-delayed [.1-dynamic signaling information to
the data being delayed by one transmission frame. In this
case, if surplus space exists within the input data, a padding
bit may be inserted in the surplus space, or in-band signaling
information may be inserted in the surplus space.

In order to minimize the correlation between transmission
bit sequences, the BB scramblers (130300-0~n) perform
XOR operation on the input bit stream and PRBS, which are
outputted from the in-band signaling/padding inserters
(130200-0~n), so as to randomize the input bit stream. After
performing the scrambling procedure, the PAPR of the
OFDM modulation signal, which is finally transmitted, may
be reduced.

Additionally, in addition to in-band signaling, the sched-
uler (120300) may transmit [.1-dynamic signaling informa-
tion of the current frame to the cell mapper of the frame
builder. The cell mapper uses the inputted information, so as
to map the input cells to the transmission frame.

In addition to the in-band signaling information, the L1
signaling generator (130400) generates [.1 signaling infor-
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mation, which is transmitted through a preamble symbol of
the transmission frame or a data symbol, which is being
spread. Such L1 signaling information includes [.1-pre-sig-
naling information and L.1-post-signaling information. The
L1 signaling generator (130400) outputs each of the L.1-pre-
signaling information and the [.1-post-signaling information.
At this point, the L1-pre-signaling information may be
scrambled by the BB scrambler (130500-0), and the L1-post-
signaling information may be scrambled by the BB scrambler
(130500-1), both by performing XOR operation with the
PRBS. According to another embodiment of the present
invention, the L1 signaling generator (130400) may output
the L1 signaling information, which includes the L1-pre-
signaling information and the [.1-post-signaling information,
and one BB scrambler may also scramble the outputted [.1
signaling information.

A stream adaption module respective to multi PLP input of
FIG. 14 is different from a stream adaptation module respec-
tive to a single PLP input of FIG. 12 in that a scheduler
(120300), n+1 number of frame delayers (130100-0~n), n+1
number of in-band scheduling/padding inserters (130200-
0~n), and so on are added to the stream adaption module
respective to multi PLP input of FIG. 14.

Meanwhile, in the present invention, the MISO method
may be independently applied for each set of PLP data, and
the MIMO method may also be applied.

According to an embodiment of the present invention, the
BICM encoder may perform MIMO encoding on the MIMO
PLP data that are to be transmitted by using the MIMO
method, and the OFDM generator may perform MISO encod-
ing on the MISO PLP data that are to be transmitted by using
the MISO method. According to another embodiment of the
present invention, the BICM encoder may perform MIMO
encoding on the MIMO PLP data that are to be transmitted by
using the MIMO method, and the BICM encoder may also
perform MISO encoding on the MISO PLP data that are to be
transmitted by using the MISO method. In this case, the
MISO encoding process may be omitted in the OFDM gen-
erator.

FIG. 15 illustrates a BICM encoder according to a first
exemplary embodiment of the present invention.

The BICM encoder according to the first exemplary
embodiment of the present invention may perform bit-inter-
leaving and encoding for error correction on a plurality of
input-processed PLP data, [.1 pre-signaling information and
L1 post-signaling information.

Additionally, the BICM encoder according to the first
exemplary embodiment of the present invention may inde-
pendently adopt the MISO method on each PLP data, or may
adopt the MIMO method. Also, the BICM encoder according
to the first exemplary embodiment of the present invention
may perform MISO encoding and MIMO encoding after
constellation mapping.

More specifically, the BICM encoder of FIG. 15 may
include a first BICM encoding block (132100) processing
PLP data by using the MISO method, a second encoding
block (132200) processing PLP data by using the MIMO
method, and a third encoding block (132300) processing
signaling information by using the MISO method. The third
encoding block (132300) may also process signaling infor-
mation by using the MIMO method. However, since the sig-
naling information include information required for the
receiver to recover the PLP data included in a signal frame, a
stronger robustness between the transmission and reception is
required as compared to the case of processing PLP data.
Therefore, according to the exemplary embodiment of the
present invention, the third encoding block (132300) shall
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process the signaling information by using the MISO method.
Hereinafter, the data processing method of each block will be
described in detail.

Firstly, the first BICM encoding block (132100) may
include an FEC (Forward Error Correction) encoder
(132110), a bit interleaver (132120), a first DEMUX
(132130), a constellation mapper (132140), a MISO encoder
(132150), a cell interleaver (132160-1,132160-2), and a time
interleaver (132170-1,132170-2).

The FEC encoder (132110) may perform BCH encoding
and LDPC encoding, which add redundancy, so that the
receiver can correct any error occurring over a transmission
channel (or transport channel) with respect to the input-pro-
cessed PLP data. The bit interleaver (132120) performs bit-
interleaving in a single FEC block unit with respect to FEC-
encoded PLP data, so as to gain robustness against any burst
error that may occur during transmission. In this case, the bit
interleaver may perform bit-interleaving by using two FEC
block units. As described above, when performing bit-inter-
leaving by using two FEC block units, cells that respectively
form a pair in the frame builder, which will be described in
detail later on, may each be generated from different FEC
blocks. Accordingly, by ensuring diversity, the broadcast sig-
nal receiver may enhance its receiving performance.

The first DEMUX (132130) may perform demultiplexing
on the bit-interelaved PLP data in a single FEC block unit. In
another example, the first DEMUX (132130) may perform
demultiplexing by using two FEC block units. As described
above, when performing demultiplexing by using two FEC
block units, cells that respectively form a pair in the frame
builder, which will be described in detail later on, may each be
generated from different FEC blocks. Accordingly, by ensur-
ing diversity, the broadcast signal receiver may enhance its
receiving performance.

The constellation mapper (132140) may map the demulti-
plexed bit-unit PLP data on a constellation in symbol units. In
this case, the constellation mapper (132140) may rotate the
constellation by a predetermined angle depending upon the
modulation type. The rotated constellations may be expressed
with I-phase (In-phase) elements and Q-phase (Quadrature-
phase) elements, and, herein, the constellation mapper
(132140) may delay only the Q-phase element by an arbitrary
(or random) value. Subsequently, the constellation mapper
(132140) may use the In-phase element and the delayed
Q-phase element, so as to remap the demultiplexed PLP data
to a new constellation.

The MISO encoder (132150) may perform MISO encod-
ing on the PLP data, which are mapped to the constellation, by
using an MISO encoding matrix, so as to output MISO-
encoded PLP data to 2 paths (STx_k, STx_k+1). Thus, trans-
mission diversity (or transport diversity) may be gained.
According to the present invention, an example of the MISO
encoding method may include OSTBC (Orthogonal Space-
Time Block Code)/OSFBC (Orthogonal Space Frequency
Block Code/Alamouti code).

The cell interleaver (132160-1, 132160-2) may respec-
tively perform interleaving on the PLP data being outputted to
2 paths in cell units, and the time interleaver (132170-1,
132170-2) may perform interleaving in time units on the
cell-interleaved PLP data being outputted to each path. In this
case, the time interelayer (132170-1, 132170-2) may perform
interleaving by using 2 FEC blocks. By performing this pro-
cedure, since cells that respectively form a pair in the frame
builder, which will be described in detail later on, may each be
generated from different FEC blocks, by ensuring diversity,
the broadcast signal receiver may enhance its receiving per-
formance.
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The second BICM encoding block (132200) may include
an FEC encoder (132210), a bit interleaver (132220), a sec-
ond DEMUX (132230), a first constellation mapper (132240-
1), a second constellation mapper (132240-2), a MIMO
encoder (132250), a first cell interleaver (132260-1), a second
cell interleaver (132260-2), a first time interleaver (132270-
1), and a second time interleaver (132270-2).

The FEC encoder (132210) and the bit interleaver
(132220) may perform the same functions as the FEC
encoder (132110) and the bit interleaver (132120) of the
MISO method.

The second DEMUX (132230) may perform the same
functions as the first DEMUX (132130) of the MISO method
and may also demultiplex the PLP data, so as to output the
demultiplexed PLP datato 2 paths, which are required for the
MIMO transmission. In this case, the transmission character-
istic of the data being transmitted through each path may be
different from one another. Therefore, the second DEMUX
(132230) may randomly allocate the bit-interleaved PLP data
to each input path.

The first constellation mapper (132240-1) and the second
constellation mapper (132240-2) may perform the same func-
tions as the constellation mapper (132140) of the MISO
method.

The MISO encoder (132250) may perform MISO encod-
ing on the inputted PLP data ofthe 2 paths by using an MIMO
encoding matrix, so as to output the MIMO-encoded PLP
data to 2 paths (STx_m, STx_m+1). The MIMO encoding
matrix according to the present invention may include spatial
multiplexing, GC (Golden code), Full-rate full diversity code,
Linear dispersion code, and so on.

Among the PLP data being inputted through each of the
two paths, the first cell interleaver (132260-1) and the second
cell interleaver (132260-2) may perform cell-interleaving
only on PLP data having a size corresponding to half the size
of'the cell included in an FEC block. Accordingly, cell-inter-
leaving performed by the first cell interleaver (132260-1) and
the second cell interleaver (132260-2) may have the same
effect of that of a single cell interleaver. Additionally, it is
advantageous in that, in order to process data of multiple
paths, cell-interleaving can be performed by using memory
settings of a single cell interleaver without having to allocate
additional memory to the first cell interleaver (132260-1) and
the second cell interleaver (132260-2).

The first time interleaver (132270-1) and the second time
interleaver (132270-2) may perform the same functions as the
time interleaver (132170-1, 132170-2) of the MISO method.
In this case, the first time interleaver (132270-1) and the
second time interleaver (132270-2) may perform time-inter-
leaving by using the same method as that used on the PLP
data, which are inputted to each path, or may perform time-
interleaving by using another method.

The L1-signaling information may include [.1 pre-signal-
ing information and L1 post-signaling information, and the
MISO method may be independently applied to each of L1
pre-signaling information and L1 post-signaling information.

Therefore, the third BICM encoding block (132300) may
include a first encoding block (132400) for processing [.1
pre-signaling information and a second encoding block
(132500) for processing L1 post-signaling information.

The first encoding block (132400) may include an FEC
encoder (132410), a constellation mapper (132420), a MISO
encoder (132430), a cell interleaver (132440-1, 132440-2),
and a time interleaver (132450-1, 132450-2). Additionally,
the second encoding block (132500) may include an FEC
encoder (132510), a bit interleaver (132520), a DEMUX
(132530), a constellation mapper (132540), a MISO encoder
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(132560), a cell interleaver (132560-1. 132560-2), and a time
interleaver (132570-1. 132570-2).

The L1 pre-signaling information may include information
required for decoding L1 post-signaling information, and the
L1 post-signaling information may include information
required by the receiver for recovering data transmitted from
the transmitter.

More specifically, in order to decode the L1 -signaling
information and data, the receiver is required to accurately
and swiftly decode [.1 pre-signaling information. Therefore,
according to an exemplary embodiment of the present inven-
tion, bit-interleaving and demultiplexing are not performed
on the L1 pre-signaling information, so that the receiver can
perform swift decoding on the [.1 pre-signaling information.

Hereinafter, the functions of each block included in the first
encoding block (132400) and the second encoding block
(132500) are identical to the functions of the blocks included
in the first BICM encoding block (132100), and, therefore,
detailed description of the same will be omitted for simplicity.

As a result, the first encoding block (132400) for process-
ing the L1 pre-signaling information may perform MISO
encoding on the [.1 pre-signaling information, so as to output
the processed L1 pre-signaling information to 2 paths
(STx_pre, STx_pre+1). Additionally, the second encoding
block (132500) for processing the L1 post-signaling informa-
tion may perform MISO encoding on the L1 post-signaling
information, so as to output the processed L1 post-signaling
information to 2 paths (STx_post, STx_post+1).

As shown in FIG. 15, when each of the MISO encoder and
the MIMO encoder are located between the constellation
mapper and the cell interleaver, the respective BICM decoder
of the broadcast signal receiver performs MISO/MIMO
decoding after performing all of the time-deinterleaving and
cell-interleaving processes in symbol units. In this case, since
the bit-unit data, which are processed with MISO/MIMO
decoding, are processed with constellation demapping, sepa-
rate information related to symbol mapping is not required.
Therefore, when the MISO/MIMO encoders are located after
(or behind) the constellation mapper, memory complexity in
the receiver may be more decreased as compared to when the
MISO/MIMO encoders are located after (or behind) the time
interleaver.

FIG. 16 illustrates a BICM encoder according to a second
exemplary embodiment of the present invention.

The BICM encoder according to the second exemplary
embodiment of the present invention may perform bit-inter-
leaving and encoding for error correction on a plurality of
input-processed PLP data, [.1 pre-signaling information and
L1 post-signaling information.

Additionally, the BICM encoder according to the second
exemplary embodiment of the present invention may inde-
pendently adopt the MISO method on each PLP data, or may
adopt the MIMO method.

As shown in FIG. 16, the BICM encoder may include a first
BICM encoding block (133100) processing PLP data by
using the MISO method, a second encoding block (133200)
processing PLP data by using the MIMO method, and a third
encoding block (133300) processing signaling information
by using the MISO method.

Since the BICM encoding blocks according to the second
exemplary embodiment of the present invention shown in
FIG. 16 perform the same functions as the BICM encoding
blocks according to the first embodiment of the present inven-
tion, detailed description of the same will be omitted for
simplicity. However, the difference between the BICM
encoding blocks according to the first embodiment of the
present invention and the BICM encoding blocks according
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to the second embodiment of the present invention is that the
MISO encoders (133120, 133420,133520) and the MIMO
encoder (133220) of the BICM encoding blocks according to
the second embodiment of the present invention are located
after (or behind) the time interleavers (133110, 133210-1,
133210-2, 133410 and 133510).

As shown in FIG. 16, when each of the MISO encoder and
the MIMO encoder are located at the outputting end of the
time interleaver, the respective BICM decoder of the broad-
cast signal receiver first performs MISO decoding or MIMO
decoding on each set of data, so as to output the data pro-
cessed with MISO decoding or MIMO decoding in bit units.
Atthis point, the data being outputted from the MISO decoder
or the MIMO decoder correspond to bit-unit likelihood infor-
mation (or probability information). Accordingly, although
the BICM decoder of the broadcast signaling receiver can
perform time de-interleaving and cell de-interleaving pro-
cesses on the MISO-decoded or MIMO-decoded data, since
data being outputted in bit units are inputted, information
related to symbol units is also required. Therefore, since the
broadcast signal receiver is required to store information
related to symbol mapping of the input bits required for the
de-interleaving process, the memory complexity of the
broadcast signal receiver may be increased.

Although it is not shown in the drawing, the BICM encoder
according to the third embodiment of the present invention
may include a first encoding block processing MISO PLP
data that are to be MISO-encoded, a second encoding block
processing MIMO PLP data that are to be MIMO-encoded,
and a third BICM encoding block processing signaling infor-
mation that is to be MISO-encoded. Since the BICM encod-
ing blocks according to the third embodiment of the present
invention perform the same functions as the BICM encoding
blocks according to the first exemplary embodiment of the
present invention shown in FIG. 15, detailed description of
the same will be omitted for simplicity. However, the differ-
ence between the BICM encoding blocks of the third exem-
plary embodiment of the present invention and the BICM
encoding blocks of the first exemplary embodiment of the
present invention is that the BICM encoding blocks of the
third exemplary embodiment of the present invention do not
include the MISO encoder and the MIMO encoder.

Furthermore, the BICM encoder according to a fourth
exemplary embodiment of the present invention is almost
identical to the third exemplary embodiment of the present
invention. However, the BICM encoder according to the
fourth embodiment of the present invention is different from
the BICM encoder according to the third embodiment of the
present invention in that the BICM encoder according to the
fourth embodiment of the present invention performs MIMO
encoding on the MIMO PLP data that are to be processed by
using the MIMO method. More specifically, the BICM
encoder according to the fourth exemplary embodiment of the
present invention may include a first BICM encoding block
processing MISO PLP data that are to be MISO-encoded, a
second BICM encoding block processing MIMO PLP data
that are to be MIMO-encoded, and a third BICM encoding
block processing signaling information that is to be MISO-
encoded, and the third BICM encoding block may include a
first encoding block for processing L1 pre-signaling informa-
tion and a second encoding block for processing [.1 post-
signaling information. Most particularly, the first BICM
encoding block according to the fourth exemplary embodi-
ment of the present invention may not include any MISO
encoders, and the second BICM encoding block according to
the fourth exemplary embodiment of the present invention
may include a MIMO encoder. In this case, the MIMO
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encoder may be located after (or behind) the time interleaver
as shown in the first embodiment of the present invention, or
the MIMO encoder may be located after (or behind) the
constellation mapper as shown in the second embodiment of
the present invention. This may be varied in accordance with
the intentions of the system designer.

The first BICM encoding block of FIG. 15 or FIG. 16
outputs MISO-encoded PLP data through 2 different paths
(STX _k, STX_k+1), and the second BICM encoding block
outputs MIMO-encoded PLP data through 2 different paths
(STX_m, STX_m+1). Additionally, the third BICM encoding
block outputs MISO-encoded signaling data through 2 dif-
ferent paths (STX_pre, STX pre+l and STX post,
STX_post+1) with respect to the L1 pre-signaling informa-
tion and the L1 post-signaling information. Hereinafter, the
path corresponding to STX_k, STX m, STX_pre, and
STX _post will be referred to as a first path, and the path
corresponding to STX_k+1, STX_m+1, STX pre+l, and
STX_post+1 will be referred to as a second path, for simplic-
ity.

FIG. 17 illustrates a block diagram showing a structure of
a frame builder according to another embodiment of the
present invention, which is adequate for processing the output
of the BICM encoder shown in FIG. 15.

The frame builder of FIG. 17 comprises a first frame build-
ing block (136801) receiving the MISO encoded PLP data,
the MIMO encoded PLP data, the MISO encoded L1-pre-
signaling information, and the MISO encoded L1-post-sig-
naling information of the first path (STX_k, STX m,
STX _pre, STX_post), and a second frame building block
(136901) receiving the MISO encoded PLP data, the MIMO
encoded PLP data, the MISO encoded L1-pre-signaling
information, and the MISO encoded I.1-post-signaling infor-
mation of the second path (STX_k+1, STX_m+1, STX_pre+
1, STX_post+1). The data of the first path processed in the
first frame building block (136801) are transmitted through a
first antenna (Tx_1) after being processed with a modulation
process in the OFDM generator, and the data of the second
path processed in the second frame building block (136901)
are transmitted through a second antenna (Tx_2) after being
processed with a modulation process in the OFDM generator.

The first frame building block (136801) may include a first
delay compensator (136800-1), a first pair-wise cell mapper
(136800-2), and a first pair-wise frequency interleaver
(136800-3), and the second frame building block (136901)
may include a second delay compensator (136900-1), a sec-
ond pair-wise cell mapper (136900-2), and a second pair-wise
frequency interleaver (136900-3) for processing the data
being inputted through the second path.

The first pair-wise cell mapper (136800-2) and the first
pair-wise frequency interleaver (136800-3) and the second
pair-wise cell mapper (136900-2) and the second pair-wise
frequency interleaver (136900-3) may be identically operated
with respect to each of the first path and the second path and
may also be independently operated.

Hereinafter, the data processing method of the blocks
included in each of the first frame building block (136801)
and the second frame building block (136901) will be
described in detail.

The first delay compensator (136800-1) and the second
delay compensator (136900-1) compensates for both the
delay by one transmission frame applied to the L.1-pre-sig-
naling data or [.1-post-signaling data and the delay caused by
the encoding process of the BICM encoder. The [.1 signaling
information may include the information on the current trans-
mission frame as well as the information on the next trans-
mission frame. Therefore, during the above-described input
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processing procedure, the L1 signaling information is
delayed by one frame as compared to the PLP data, which are
currently being inputted. By performing this procedure, one
transmission frame may be capable of transmitting the L1
signaling information including information on the current
transmission frame and information on the next transmission
frame.

The first pair-wise cell mapper (136800-2) and the second
pair-wise cell mapper (136900-2) map respectively map the
symbol unit PLP data and the L1 signaling data, which are
inputted through each path, in cell units to the subcarrier of
the OFDM symbol within the transmission frame.

In this case, the PLP data being inputted through each path
may include common PLP data and MISO-MIMO-encoded
PLP data. And, a sub-slice processor may perform sub-slicing
on the PLP data cells and map the sub-sliced PLP data cells to
the transmission frame, so as to gain diversity.

Additionally, the first pair-wise cell mapper (136800-2)
and the second pair-wise cell mapper (136900-2) may pair 2
consecutive input cells and may map the paired cells to the
transmission frame.

In order to increase the MISO signal recovery performance
of' the receiver, when performing MISO encoding, the MISO
transmission channel is required to ensure coherence between
the channels. Accordingly, in order to ensure coherence
between the channels, the first pair-wise cell mapper
(136800-2) and the second pair-wise cell mapper (136900-2)
may respectively pair cells, which are generated from the
same PLP data, and may map the paired cells to the subcarrier
of'the OFDM modulation, thereby maximizing the coherence
between the channels. In other words, according to the
embodiment of the present invention, since the MISO
encoder is located in the BICM encoder of the frame builder,
the frame structure may be configured by the frame builder in
pair units based upon such MISO encoding.

Moreover, as described above, when bit interleaving or
time interleaving is performed by the bit interleaver and the
time interleaver of the BICM encoder by using two FEC
blocks, since the two input cells that are grouped to form a
pair may be generated from different FEC blocks, the receiver
may be capable of ensuring diversity and may gain high
reception performance.

The first pair-wise frequency interleaver (136800-3) and
the second pair-wise frequency interleaver (136900-3) may
perform frequency interleaving in cell units on the data being
inputted through each path. Then, the first pair-wise fre-
quency interleaver (136800-3) and the second pair-wise fre-
quency interleaver (136900-3) may output the frequency
interleaved data to the OFDM generator through each path.

In this case, the first pair-wise frequency interleaver
(136800-3) and the second pair-wise frequency interleaver
(136900-3) may group 2 consecutive input cells in pairs and
may process each cell pair as a single interleaving unit,
thereby performing frequency interleaving. This is for maxi-
mizing the coherence between the channels.

FIG. 18 illustrates a block view shown in the structure of an
OFDM generator according to an exemplary embodiment of
the present invention. Most particularly, FIG. 18 corresponds
to an example of a broadcast signal being transmitted through
2 transmission antennae (or transport antennae). According to
the exemplary embodiment of the present invention, a polar-
ity multiplexing MIMO method will be used.

The OFDM generator of FIG. 18 consists of 2 pilot insert-
ers (137100-0,137100-1), 2 IFFT modules (137200-0,
137200-1), 2 PAPR reduction modules (137300-0,137300-
1), 2 GI insertion modules (137400-0,137400-1), 2 P1
symbol insertion modules (137500-0,137500-1), 2 AP1 sym-
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bol insertion modules (137600-0,137600-1), and 2 DACs
(137700-0,137700-1). In the present invention, a block
modulating a broadcast signal that is to be transmitted
through a first transmission antenna (Tx1) will hereinafter be
referred to as a first transmitting unit, and a block modulating
a broadcast signal that is to be transmitted through a second
transmission antenna (Tx2) will hereinafter be referred to as
a second transmitting unit. The first transmitting unit includes
pilot inserter (137100-0), an IFFT module (137200-0), a
PAPR reduction module (137300-0), a GI insertion module
(137400-0), a P1 symbol insertion module (137500-0), an
AP1 symbol insertion module (137600-0), and a DAC
(137700-0). The second transmitting unit includes a pilot
inserter (137100-1), an IFFT module (137200-1), a PAPR
reduction module (137300-1), a GI insertion module
(137400-1), a P1 symbol insertion module (137500-1), an
AP1 symbol insertion module (137600-1), and a DAC
(137700-1).

The pilot inserter (137100-0, 137100-1) inserts a pilot
signal having a specific pilot pattern in a respective location
within a signal frame, which is being inputted to each path
and outputs the processed signal to the IFFT module
(137200-0, 137200-1), so that the receiver can perform trans-
port channel (or transmission channel) estimation and time/
frequency synchronization. At this point, the pilot pattern
information may either be signaled to the AP1 signaling infor-
mation or may be signaled to the L1 signaling information.
Alternatively, the pilot pattern information may be signaled to
both the AP1 signaling information and the L1 signaling
information.

The IFFT module (137200-0, 137200-1) converts each
signal having the pilot inserted therein to a time domain by
performing inverse fast fourier conversion, thereby output-
ting the processed signal to the PAPR reduction module
(137300-0, 137300-1).

The PAPR reduction module (137300-0, 137300-1)
reduces the PAPR ofthe time domain signals and then outputs
the processed signal to the GI insertion module (137400-0,
137400-1). The PAPR reduction module (137300-0, 137300-
1) reduces the PAPR from the modulated OFDM symbol by
using at least one of an ACE (Active Constellation Extension)
method or a Tone Reservation method. Additionally, with
respect to a PAPR reduction algorithm, the required informa-
tion may be fed-back to the pilot inserter (137100-0, 137100-
1).

The GI insertion module (137400-0, 137400-1) inserts a
guard interval in the form of a cyclic prefix by copying an end
portion of an effective OFDM symbol at a starting portion (or
beginning) of the corresponding OFDM symbol, thereby out-
putting the processed signal to the P1 symbol insertion mod-
ule (137500-0, 137500-1). The GI information is signaled to
the L1 pre-signaling information. Additionally, a portion of
the GI information is signaled to the P1 signaling informa-
tion.

The P1 symbol insertion module (137500-0, 137500-1)
inserts a P1 symbol at a starting portion (or beginning) of each
signal frame, thereby outputting the processed signal to the
AP1 symbol insertion module (137600-0, 137600-1).

The AP1 symbol insertion module (137600-0, 137600-1)
inserts an AP1 symbol after the P1 symbol and then outputs
the processed signal to the DAC (137700-0, 137700-1).
Herein, the insertion of the P1 symbol and the AP1 symbol
may be performed by the P1 symbol insertion module
(137500-0, 137500-1), and, in this case, the AP1 symbol
insertion module (137600-0, 137600-1) may be omitted.

The DAC (137700-0, 137700-1) converts each signal
frame having the AP1 symbol inserted therein to an analog
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signal and then transmits the processed signal through the
corresponding transmission antenna (Tx1, Tx2).

FIG. 19 illustrates a block diagram showing an exemplary
structure of a broadcast signal receiving apparatus according
to an embodiment of the present invention.

The broadcast signal receiving apparatus according to the
present invention may include an OFDM demodulator
(138100), a frame demapper (138200), a BICM decoder
(138300), and an output processor (138400).

The frame demapper (138200) may also be referred to as a
frame parser. The OFDM demodulator (138100) converts
time domain signals to frequency domain signals. Herein, the
time domain signals correspond to signals being received
through multiple reception antennae and then being con-
verted to digital signals. Among the signals being converted
to frequency domain signals, the frame demapper (138200)
outputs the PLPs designated to required services. The BICM
decider (138300) corrects errors that occur due to the trans-
mission channel, and the output processor (138300) performs
procedures required for generating an output TS or IP or GS
stream.

FIG. 20 illustrates a block diagram showing an exemplary
structure of an OFDM demodulator (131800) of the broadcast
signal receiving apparatus. More specifically, the OFDM
demodulator of FIG. 20 performs an inverse process of the
OFDM generator of FIG. 18. According to the embodiment of
the present invention, in order to receive a broadcast signal,
which is transmitted by using a MIMO or MISO, two recep-
tion antennae (Rx1, Rx2) are used. An embodiment according
to the present invention according uses a polarity multiplex-
ing MIMO method.

The OFDM demodulator (138100) of FIG. 20 includes a
first receiving unit configured to perform OFDM demodula-
tion on a signal, which is received through the first reception
antenna (Rx1), and a second receiving unit configured to
perform OFDM demodulation on a signal, which is received
through the second reception antenna (Rx2).

The first receiving unit may include a tuner (139000-0), an
ADC (139100-0), a P1 symbol detector (139200-0), an AP1
symbol detector (139250-0), a time/frequency synchroniza-
tion unit (139300-0), a GI remover (139400-0), an FFT mod-
ule (139500-0), and a channel estimator (139600-0). And, the
second receiving unit may include a tuner (139000-1), an
ADC (139100-1), a P1 symbol detector (139200-1), an AP1
symbol detector (139250-1), a time/frequency synchroniza-
tion unit (139300-1), a GI remover (139400-1), an FFT mod-
ule (139500-1), and a channel estimator (139600-1). And,
since the operations of the blocks included in the second
receiving unit are identical to those of the blocks included in
the first receiving unit, the detailed description of the same
will be omitted for simplicity.

The tuner (139000-0) of the first receiving unit may select
only a signal of a desired (or wanted) frequency band. Also,
according to the embodiment of the present invention, in
order to be applied to the TFS system, the tuner (139000-0)
may have an FH (Frequency Hopping) function. The ADC
(139100-0) converts the analog broadcasting signal, which is
inputted through a first path (e.g., V-path), to a digital broad-
casting signal.

The P1 symbol detector (139200-0) detects a P1 symbol
from the digital broadcast signal, and the P1 symbol detector
(139200-0) then uses P1 signaling information, which is car-
ried by the P1 symbol, so as to determine the frame structure
of the currently received signal. The AP1 symbol detector
(139250-0) may detect and decode an AP1 symbol, which
transmits the AP1 signaling information included in the digi-
tal broadcasting signal, so as to gain pilot pattern information
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of the current signal frame. Herein, the detection and decod-
ing of the P1 symbol and the AP1 symbol may be performed
by the P1 symbol detector (139200-0), and, in this case, the
AP1 symbol detector (139250-0) may be omitted.

The time/frequency synchronization unit (139300-0) uses
at least one of the P1 signaling information and the AP1
signaling information so as to perform GI extraction and time
synchronization and carrier frequency synchronization.

The GI remover (139400-0) removes the GI from the syn-
chronized signal, and the FFT module (139500-0) converts
the Gl-removed signal to a frequency domain signal.

The channel estimator (139600-0) uses a pilot signal being
inserted in the frequency domain signal, so as to estimate a
transmission channel starting from a transmission antenna to
a reception antenna. The channel estimator (139600-0) per-
forms channel equalization compensating for a distortion in a
transmission channel based on the estimated transmission
channel. The channel equalization is optional.

FIG. 21 illustrates an exemplary structure of any one of the
P1 symbol detectors (139200-0, 139200-1) according to an
embodiment of the present invention. Herein, the P1 symbol
detectors (139200-0, 139200-1) may also be referred to as a
C-A-B preamble detector.

The present invention will describe the P1 symbol detector
(139200-0) of the first receiving unit. An operation descrip-
tion of the P1 symbol detector (139200-1) of the second
receiving unit refers to that of the P1 symbol detector
(139200-0) of the first receiving unit.

More specifically, the signal that is converted to a digital
signal from the ADC (139100-0) may be inputted to a down
shifter (139801), a 1** conjugator (139803), and a 2" delayer
(139806) of the P1 symbol detector (139200).

The down shifter (139801) performs inverse modulation
by multiplying e7*¥# by the input signal. When inverse
modulation is performed by the down shifter (139801), the
signal being frequency-shifted and inputted is recovered to
the original signal. The inverse modulated signal may be
outputted to a 1% delayer (139802) and a 2" conjugator
(139807).

The 1%* delayer (139802) delays the inverse-modulated sig-
nal by a length of part C (T,) and then outputs the delayed
signal to the 1* conjugator (139803). The 1* conjugator
(139803) performs complex-conjugation on the signal, which
is delayed by a length of part C (T_). Then, the 1* conjugator
(139803) multiplies the input signal by the complex-conju-
gated signal, thereby outputting the processed signal to a 1%
filter (139804). The 1* filter (139804) uses a running average
filter having the length of Tz=T ,, so as to remove (or elimi-
nate) any excessively and unnecessarily remaining modula-
tion elements, thereby outputting the processed signal to a 3¢
delayer (139805). The 37 delayer (139805) delays the filtered
signal by a length of part A (i.e., effective (or valid) symbol)
(T,), so as to output the delayed signal to a multiplier
(139809).

The 2"? delayer (139806) delays the input signal by a
length of part B (T) and then outputs the delayed signal to the
2"¢ conjugator (139807). The 2" conjugator (139807) per-
forms complex-conjugation on the signal, which is delayed
by alength of part B (T,). Then, the 2" conjugator (139807)
multiplies the complex-conjugated signal by an inverse-
modulated signal, thereby outputting the processed signal to
a 2" filter (139808). The 2" filter (139808) uses a running
average filter having the length of T,=T , s0 as to remove (or
eliminate) any excessively and unnecessarily remaining
modulation elements, thereby outputting the processed signal
to the multiplier (139809).
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The multiplier (139809) multiplies the output of the 2"¢
filter (139809) by a signal, which is delayed by a length of part
A (T). Thus, a P1 symbol may be detected from each signal
frame of the received broadcast signal.

Herein, the length of part C (T ) and the length of part B
(T) may be obtained by applying Equation 11 shown above.

FIG. 22 illustrates an exemplary structure of any one of the
AP1 symbol detectors (139250-0, 139250-1) according to an
embodiment of the present invention. Herein, the AP1 symbol
detectors (139250-0, 139250-1) may also be referred to as an
F-D-E preamble detector.

The present invention will describe the AP1 symbol detec-
tor (139250-0) of the first receiving unit. An operation
description of the AP1 symbol detector (139250-1) of the
second receiving unit refers to that of the AP1 symbol detec-
tor (139250-0) of the first receiving unit.

More specifically, the signal that is converted to a digital
signal from the ADC (139100-0) or a signal that is outputted
from the P1 symbol detector (139200) may be inputted to an
up-shifter (139901), a 1° conjugator (139903), and a 2"¢
delayer (139906) of the AP1 symbol detector (139250-0).

The up-shifter (139901) performs inverse modulation by
multiplying &*¥%#" by the input signal. When inverse modu-
lation is performed by the up-shifter (139901), the signal
being frequency-shifted and inputted is recovered to the origi-
nal signal. More specifically, the up-shifter (139901) of FIG.
22 has the same structure as the down-shifter (139801) of the
P1 symbol detector (139200). However, the frequency direc-
tion of each inverse modulation process is completely oppo-
site to one another. The signal that is inverse modulated by the
up-shifter (139901) may be outputted to a 1°* delayer
(139902) and a 2"“ conjugator (139907).

The 1** delayer (139902) delays the inverse-modulated sig-
nal by a length of part F (T) and then outputs the delayed
signal to the 1°* conjugator (139903). The 1°° conjugator
(139903) performs complex-conjugation on the signal, which
is delayed by a length of part F (T ). Then, the 1* conjugator
(139903) multiplies the input signal by the complex-conju-
gated signal, thereby outputting the processed signal to a 1%
filter (139904). The 1°* filter (139904) uses a running average
filter having the length of T,=T, so as to remove (or elimi-
nate) any excessively and unnecessarily remaining modula-
tion elements, thereby outputting the processed signal to a 3"
delayer (139905). The 3™ delayer (139905) delays the filtered
signal by a length of part D (i.e., effective (or valid) symbol)
(Tp), so as to output the delayed signal to a multiplier
(139909).

The 2" delayer (139906) delays the input signal by a
length of part E (T ;) and then outputs the delayed signal to the
2"? conjugator (139907). The 2"¢ conjugator (139907) per-
forms complex-conjugation on the signal, which is delayed
by a length of part E (T ). Then, the 2" conjugator (139907)
multiplies the complex-conjugated signal by an inverse-
modulated signal, thereby outputting the processed signal to
a 2" filter (139908). The 2™ filter (139908) uses a running
average filter having the length of Tz=T,, so as to remove (or
eliminate) any excessively and unnecessarily remaining
modulation elements, thereby outputting the processed signal
to the multiplier (139909).

The multiplier (139909) multiplies the output of the 2"¢
filter (139909) by a signal, which is delayed by a length of part
D (Tp). Thus, an AP1 symbol may be detected from each
signal frame of the received broadcast signal. Herein, the
length of part F (T) and the length of part E (T;) may be
obtained by applying Equation 11 shown above.
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FIG. 23 illustrates an exemplary frame demapper (138200)
of'the broadcasting signal receiving apparatus according to an
embodiment of the present invention.

According to the embodiment of the present invention, the
frame demapper (138200) performs an inverse process of the
frame builder (100300) of the broadcasting signal transmit-
ting apparatus shown in FIG. 17.

The frame demapper of FIG. 23 includes a first frame
demapping block (170100) for processing data that are input-
ted through a first path, and a second frame demapping block
(170300) for processing data that are inputted through a sec-
ond path. The first frame demapping block (170100) includes
a first pair-wise frequency deinterleaver (170101) and a first
pair-wise cell demapper (170102), and the second frame
demapping block (170300) includes a second pair-wise fre-
quency deinterleaver (170301) and a second pair-wise cell
demapper (170302).

Additionally, the first pair-wise frequency deinterleaver
(170101) and the first pair-wise cell demapper (170102) and
the second pair-wise frequency deinterleaver (170301) and
the second pair-wise cell demapper (170302) may perform
the same operations with respect to the first path and the
second path and may also independently perform the respec-
tive operations.

The data processing method of the blocks included in each
of the first frame demapping block (170100) and the second
frame demapping block (170300) will hereinafter be
described in detail.

The first pair-wise frequency deinterleaver (170101) and
the second pair-wise frequency deinterleaver (170301) per-
forms deinterleaving on the data being respectively inputted
through the first path and the second path in cell units and in
the respective frequency domain. In this case, the first pair-
wise frequency deinterleaver (170101) and the second pair-
wise frequency deinterleaver (170301) groups 2 consecutive
cells in pairs, thereby processing each pair of cells as a single
deinterleaving unit and performing frequency deinterleaving.
The deinterleaving procedure may be performed as an inverse
process of the interleaving procedure performed by the trans-
mitting unit. And, the frequency deinterleaved data are recov-
ered by the initial data order, thereby being outputted.

The first pair-wise cell demapper (170102) and the second
pair-wise cell demapper (170302) may extract common PLP
data, PLP data, and L1 signaling information in cell units
from the deinterleaved data. The extracted PLP data may
include MISO PLP data, wherein the MISO method is to be
applied, and MIMO PLP data, wherein the MIMO method is
to be applied. And, the extracted L1 signaling information
may include information on the current transmission frame
and information on the next transmission frame. Additionally,
if sub-slicing has been performed on the PLP data by the
transmitter, the first pair-wise cell demapper (170102) and the
second pair-wise cell demapper (170302) may merge the
sub-sliced PLP data, so as to generate a single stream.

Moreover, the first pair-wise cell demapper (170102) and
the second pair-wise cell demapper (170302) may group 2
consecutive cell in pairs and may then perform extraction.

The data being processed with cell demapping by the first
pair-wise cell demapper (170102) may be inputted to the
BICM decoder through a first path (from SRx_0 to
SRx_post), and the data being processed with cell demapping
by the second pair-wise cell demapper (170302) may be
outputted to the BICM decoder through a second path (from
SRx_0+1 to SRx_post+1).

FIG. 24 illustrates a BICM decoder according to a first
exemplary embodiment of the present invention.



US 9,100,932 B2

39

The BICM decoder according to the first embodiment of
the present invention receives data being outputted from the
frame demapper through a first path (SRx_0~SRx_post) and
data being outputted from the frame demapper through a
second path (SRx_0+1~SRx_post+1) and then performs
BICM decoding on the received data.

Additionally, the BICM decoder according to the first
embodiment of the present invention may independently
adopt the MISO method or the MIMO method on the data
being inputted from each path.

More specifically, the BICM decoder of FIG. 24 may
include a first BICM decoding block (180100) receiving
MISO PLP data through 2 paths (SRx_k, SRx_k+1) and
processing the received data, a second BICM decoding block
(180200) receiving MIMO PLP data through 2 paths
(SRx_m, SRx_m+1) and processing the received data, and a
third BICM decoding block (180300) receiving signaling
data through 4 paths (SRx_pre, SRx_pre+1 and SRx_post,
SRx_post+1) and processing the received data.

Additionally, the BICM decoder according to the first
embodiment of the present invention may perform inverse
process of the BICM encoder according to the first embodi-
ment of the present invention shown in FIG. 15.

The data processing method of each block will hereinafter
be described in detail.

First of all, the first BICM decoding block (180100) may
include a time de-interleaver (180110-1, 180100-2), a cell
de-interleaver (180120-1, 180120-2), a MISO decoder
(180130), a constellation demapper (180140), a first MUX
(180150), a bit de-interleaver (180160), and an FEC decoder
(180170).

The time de-interleaver (180110-1,180100-2) performs
time domain de-interleaving (or time de-interleaving) on the
inputted data, so as to return (or recover) the corresponding
data to the initial location, and the cell de-interleaver
(180120-1, 180120-2) performs de-interleaving in cell units
on the time de-interleaved data.

The MISO decoder (180130) performs MISO decoding on
the MISO PLP data. The MISO decoder (180130) according
to the present invention may perform 4 different operations.
Each operation will hereinafter be described in detail.

Firstly, when the channel estimator (139600-0,139600-1)
included in the OFDM demodulator, which is described with
reference to FIG. 20, does not perform channel equalization,
the MISO decoder (180130) may calculate the LLR value
after applying a channel estimation effect on all reference
points available for transmission. Accordingly, the same
effect as channel equalization may be gained.

Secondly, the MISO decoder (180130) may perform the
following operations in accordance with the operations of the
constellation mapper (132140), which is included in the
BICM encoder of the broadcast signal transmitter shown in
FIG. 15. When the constellation mapper (132140), which is
included in the BICM encoder of the broadcast signal trans-
mitter, rotates the constellation by a predetermined angle and
delays only the Q-phase element of the constellation by an
arbitrary (or random) value, the MISO decoder (180130) may
delay only the I-phase element of the constellation by an
arbitrary (or random) value and may then calculate a 2D-L.LLR
value based upon the rotation angle of the constellation.

If the constellation mapper (132140), which is included in
the BICM encoder of the broadcast signal transmitter, does
not rotate the constellation and does not delay only the
Q-phase element of the constellation by an arbitrary (or ran-
dom) value, the MISO decoder (180130) may calculate the
2-D LLR value based upon a normal QAM.
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Thirdly, the MISO decoder (180130) may select a decod-
ing matrix, so that an inverse process can be performed in
accordance with the encoding matrix used in the MISO
encoder (132150), which is included in the BICM encoder of
the broadcast signal transmitter, and, then, the MISO decoder
(180130) may perform MISO decoding.

Finally, the MISO decoder (180130) may combine the
signals that are inputted through two reception antennae. The
signal combining method according to the present invention
may include maximum ratio combining, equal gain combin-
ing, selective combining, and so on, and, by maximizing the
SNR of the combined signals, the MISO decoder (180130)
may gain a diversity effect.

Additionally, the MISO decoder (180130) may perform
MISO decoding on a signal being processed with signal com-
bining, and, after performing MISO decoding respective to
the input of the two antennae, the MISO decoder (180130)
may combine the MISO-decoded signals.

The constellation demapper (180140) may perform the
following functions in accordance with the operation of the
MISO decoder (180130).

First of all, when the MISO decoder (180130) performs
only MISO decoding and does not directly output any LLR
value, the constellation demapper (180140) may calculate the
LLR wvalue. More specifically, this will hereinafter be
described in more detail. When the constellation mapper
(132140), which is included in the BICM encoder of the
broadcast signal transmitter shown in FIG. 15, performs con-
stellation rotation and Q-phase element delay, the constella-
tion demapper (180140) may calculate the LLR value after
delaying the I-phase element. If the constellation mapper
(132140), which is included in the BICM encoder of the
broadcast signal transmitter, does not perform constellation
rotation and Q-phase element delay, the constellation demap-
per (180140) may calculate the LLR value based upon a
normal QAM.

A method for calculating the LLR value may include a
method for calculating a 2-D LLR and a method for calculat-
inga 1-D LLR. In case of calculating the 1-D LLR value, any
one of the input through the first path and the input through
the second path may be performed, thereby reducing the
complexity in the LLR calculation.

The first MUX (180150) may recover the demapped data to
a bit stream format.

Thebit deinterleaver (180160) may perform deinterleaving
on the inputted bit stream, and the FEC decoder (180170)
may perform FEC decoding on the data, which are processed
with deinterleaving, so as to correct any error occurring
within the transmission channel (or transport channel),
thereby outputting the MISO PLP data.

The second BICM decoding block (180200) may include a
first time deinterleaver (180210-0) and a second time deinter-
leaver (180210-1), a first cell deinterleaver (180220-0) and a
second cell deinterleaver (180220-1), a MIMO decoder
(180230), a first constellation demapper (180240-0) and a
second constellation demapper (180240-1), a second MUX
(180250), a bit deinterleaver (180260), and an FEC decoder
(180270).

The first time deinterleaver (180210-0) and the second time
deinterleaver (180210-1) perform time domain deinterleav-
ing on the input data in cell units, thereby recovering the
original (or initial) data. In this case, among the data being
inputted through each path, the first time deinterleaver
(180210-0) and the second time deinterleaver (180210-1)
may perform cell deinterleaving only on the data correspond-
ing to half the size of the cell included in an FEC block. As a
result, cell de-interleaving process performed by the first time






